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ABSTRACT
The focus of this investigation is to assess the utility of remote
l
sensing techniques in the study of land use - water quality relationships
.r^.
'. in a west central Wisconsin test area. 	 The following types of aerial
imagery are evaluated for this purpose:
	 high altitude (60,000 ft)
color, color infrared, multispeetral black and white, and thermal; low
altitude (less than 5,000 ft) color infrared, multispectral black and
white, thermal, and passive microwave.	 Anon-imaging hand-held four
band radiometer was also evaluated for utility in providing data on
suspended sediment concentrations.
Land use analysis includes the development of mapping and quanti-
fication methods to obtain base line data for comparison to water quality
variables.
	
Suspended sediment Loads in streams were determined from i
^ 1
water samples and are related to land use differences and soil types in
three major watersheds.; A multiple correlation coefficient (R) of 0.85
was obtained for the relationship between the 0.6-0.7 micron incident
i
C
and reflected radiation data from the hand-held radiometer and con-
current measurements of suspended solids in streams. 	 Applications of
the methods and base line data developed in this investigation include
mapping and quantification of land. use, input to watershed runoff
models, the estimation of effects of land use changes on stream sedi-
mentation, and the remote sensing
	 Pof suspended sediment content of
streams.
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PREFACE
This report yr s prepared by Mr. Richard t_. Eau gen, Geographer,
yDr. Harlan H. McKim, Research Soil Scientist and	 r,	 :Leraas Marlar,
Chief, Photo Services.	 The authors wish to express their appreciation .,.,
k to the following individuals for their considerable ' contributions to the
report, especially land use mapping and measare ent: 	 ?,Tr. P.J. Splett,q
Mr. Lawrence Gatto, 14s. Carolyn Merry, 14r. Michael Hutton, and SPA+
14artha Greer.	 Dr. H. Huddleston, University of Wisconsin at Green Bay
provided underflight stream temperature measure-lents on several occasions.
Dr. A. 0. Find, University of Vermont provided assistance on analysis of
the high altitude thermal imagery and stre,= color characteristics. 	 The
illustrations were done by Mrs. Eleanor Huke. This work was performed
within- the Earth Sciences Branch, USACIIREL, Dr. D. M. Anderson, Chief,
and. as a part of the Corps of Engineers (CW) Remote Sensing Program,
ALL- Y Mr. J. W. Jarman, Chief. 	 USACRREL Cost Codes (Reirnibursable):	 P5911
1
CC: 2 70 70 839 and P691100 CC: 3 70 70 926.
1
s
ORIGINAL PAGE
OF POOR QuA Lm.
^
^
'	 TABLE OF CONTENTS
!
^
_
^
o^
_
`
^
Introduction .
	 `	 ,	 ,	 ,	 ,	 .	 .	 ,	 .	 ,	 .	 ,	 .	 .	 ,	 ,	 .	 .	 .	 .	 ^	 .	 .	 . .	 l
Obj ectives	 .	 .	 .	 .	 .	 .	 .	 .	 .	 ,	 .	 ,	 ^	 .	 .	 .	 .	 .	 ,	 ^	 .	 .	 ,	 ^	 . .	 2	
^
Approach uoa ?zu]cot BIatory,
	
.	 .	 .	 . -,
	
.	 .	 ,	 ,	 ,	 ,	 .	 ~	 .	 .	 . .	 2	 ^	 =-
'
Study
	
Area,
	
,	 ,	 .	 ,	 ,	 .	 ,	 °	 .	 .	 .	 ~	 °	 ,	 .	 .	 .	 .	 .	 ,-',	 .	 .	 .	 - .	 6
Physical	 Setting
	
^	 .	 ,	 ,	 ^	 .	 .	 .	 .	 .	 .	 .	 .	 .	 ,	 .	 .	 .	 .	 . °	 IO
..
Cultural Setting
	
.	 .	 ,	 .	 .	 ,	 -	 .	 .	 .	 ,	 .	 ,	 ,	 . `^	 .	 ,	 ^	 . .	 12
Documented Pollution Sources in the Study Area,	 .	 r	 .	 ,	 .	 ~ . .	 13
Evaluation of the Imagery
	
,	 .	 ,	 .	 ,	 ~	 .	 ,	 .	 ^	 .	 .	 ,	 ^	 ,	 ,	 ,	 ^ .	 16
Mission 205, - 4 June I972
	 ,	 .	 .	 .	 .	 .	 .	 .	 .	 ^	 ,	 .	 .	 ~	 .	 , .	 16
Thermal Imagery	 (BG-?)	 .	 .	 .	 ,	 .	 .	 ,	 ,	 .	 .	 .	 ~	 .	 .	 ,	 ,	 , .	 20
Mission 235,	 24 June	 73.	 ,	 .	 ,	 -	 ^	 .	 .	 ,	 .	 .	 ,	 ,	 ,	 .	 ^	 . ^	 23
IMIR System Characteristics .
	
.	 ,	 .	 .	 .	 .	 ,	 ,	 .	 .	 ,	 .	 .	 . .	 24
Missions 273 and 284, May-June 1974.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 54
Mission 272 ,	 31 May 74	 .	 ^	 ,	 ,	 .	 .	 ^	 ,	 .	 ,	 .	 .	 ,	 .	 .	 .	 . .	 35
?O nun HaeoelbIad 0bilt 	 Pbot	 " 2 1/4° sq.
Black and White, ^5
	
r Filters,o	 2402, 2442 Film . 	 ,	 .	 . ~	 4O
-^'
	
` ^^^^-
,	
.	 .	 .	 ,	
-	
.	 .	 ,	 .	 .	 .	 .Mission 284, 12 .	 ^l	 '
-
Lana Y ae Analysis	 .	 .	 ,	 ,	 .	 .	 ,	 ,	 ^	 ,	 .	 ,	 .	 .	 .	 .	 ,	 ,	 ~	 ^	 .	 ^ `	 42 
Analysis  of I972 Imagery .	 -	 ,	 °	 ~	 .	 .	 .	 .	 .	 .	 '	 ,	 ,	 '	 , ,	 44	 ^	 |
Analysis of I974 Imagery	 .	 .	 .	 .	 ,	 ,	 .	 .	 ,	 °	 .	 .	 .	 ,	 ,	 . ~	 53
Manitowoc River Wut qralued.	 ,	 .	 .	 ~`.	 ^	 .	 .	 .	 ,	
.	
.	 .	 ~	 . .
	 5
East Twin River Waterahed. 	 .	 -	 ~	 .	 .	 ~	 .	 .	 ,	 ,	 .	 .	 .	 ,	 . .	 hI
River Watershed	 .	 .	 ^	 ,	 .	 ,	 ,	 "	 .	 .	 ,	 .	 ,	 .	 .	 .	 , '' Ooozrto .	 61
Manitowoc	 River ~	 .	 .	 .	 ,	 .	 ,	 .	 .	 .	 ,	 '	 .	 ~	 .	 ,	 .	 .	 ,	 ^	 . ~	 64
'East Twin River.	 .	 .	 .	 .	 ,	 ,	 ,	 ,	 ~	 .	 ,	 .	 .	 .	 ^	 ,	 .	 ^	 ^	 ^ ,	 64^
'	
t^co^^B^ver, . . .'~. . , ~ . . . ~'
	
. . . , . . . . ,	 67
^
----^- River
	
'	
	 '	 ^'	 ,	 `	
.	
'	 ]|	 ^ ^
	
Land Daa/Stz^azu Sedimentation Relationships , ~ . . , . . `. . °
	
68^ 
	 ^^
/
	
Results and CoucIzs1nne
.
 , ' . ^ . ° . . , . ~ . . ^ . . , .. , . ,	 74
!
	
Recommendations and Applications . . . . ~ ` , , ... ~ . , ~ . . . ,	 85
'
i^
`^
References .. ~° ^. . , , ....° . ,~ ~ ,.. ° .'. ~. , . 	 87
Appendix
'	
Z	 ` and Temperature Du^^.''	 .^^z Precipitation	 ^oo^,er	 e	 '	 '° . . . , . .'. Z~I'
`
^_ZI~
	
, ~`^ ~ 2_I'
'	 `
~	
` Maps ` I^ ` ^^iu ^ 	 Watershed. , , . . `3-I
__	
'`	 ,	 '
.,
'
f
i
FIGURES
ti
r	 ^;
P_afTe
f 1. Study area and watershed boundary of Wisconsin rivers draining
into Lake Michigan.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 7
2. Documented aquatic pollution sources in the study area. 8
k 3. Generalized flight lines for RD-57 photographic missions. 	 .	 .	 . 9
^Y
4. Flight lines for low altitude thermal scanning missions . 	 .	 .	 .
•
10
5. RC-7 high altitude thermal imagery of study area.
	 .	 .	 .	 .	 . 22
r
lti
I
6. P14IS scanning geometry (Diagrammatic)	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 26	 j
i
7. PMIS scanning geometry, and formulae for "footprint"
i	 4 determination	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 27
8. Comparison of PMIS imagery with high altitude color
infrared imagery. .
	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 32
9. RS-14 imagery of the Manitowoc River (negative rendition) . 	 .	 . 37
i
10. RC-8 and RS-14 imagery of the Fox River between
Neenah	 and Menasha .
	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 3 9
11. Photo base map with watershed outlines of East
f and West Twin Rivers.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 46	
a
12. Black and white reproduction of manuscript land use map . . . . 47
o
13. Grid used for densitometer measurement.	 .	 -	 .	 .	 . 49
14. Grid matrices for a twenty-five percent ,random sample of various
sized mapping units	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 56 
15.
Example of separate overlay mapping for a single square mile•
58
f 16. Soil groups of the Manitowoc River watershed. 	 . .	 .	 .	 . 59
17. Soil groups of the East Twin River watershed. 	 .	 .	 .	 .	 .	 .	 .	 .	 . 60
18.-Soil groups of the Oconto River watershed'.	 .	 .	 .	 .	 .	 .	 .	 .	 . 62-
j
19. Field sampling sites for susperided solids	 .	 .	 .	 .	 .	 .	 .	 ., .	 . 64
iv
•
•	
f
ft
i.
.	 4
paeTt;
20. IAanito oc River and harbax . . . . . . . . . . . . . . . . . . . 	 70
21. Oconto Ri l.er at Oconto. .	 . .	 . . . .	 . . . . . . . . .	 71
22. relation„nip of ERTS ,•ISS wind 5 reflected radiation to neasured
suspended solids. . . . . . . .	 . . . .	 . . . . . . .	 73
Y	 23. Flow diagran of land use planning -,rid analysis. 	 . . . .	 81
J
f
1
e
s
4
I
z
V
E 1
4S
w
'Y
TABLES
Pale
- 1. Sun-nary of project milestones and events 	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 4
2. Imagery acquisition schedule
	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 17
3. Typical PTMIS signatures.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 30
4. Land use classification system for us- with -remote sensor
data	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 43
5. Area of land use types, East Twin River watershed.
	 .	 .	 .	 .	 . 50
G_ 6. Area of land use types, West Twin River watershed. 	 .	 .	 .	 . 51
7. Water quality data: 	 Manitowoc River . 	 .	 .	 .	 .	 .	 .	 .	 .	 . 65
r
8. Water quality data: 	 East Twin River	 .	 .	 .	 .	 .	 .	 .	 .	 . 66
j 9. Water duality data:	 Oconto River.
	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 67
10. Land use, suspended solids, soils and precipita,-J on data
for the Manitowoc, East Twin, and Oconto River %Tatersheds.	 . 68
11. Comparison of spectral measurements and suspended sediment load
at water	 sampling sites.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 72
12. Cost effectiveness analysis.	 .	 .	 .	 .	 .	 .	 . 82 
t
s
^
u
7
i.
vi
y	
-
LAND USE AND POLLUTION PATTERNS ON THE GREAT LAKES
!l
INTRODUCTION
The Great Lakes represent one of the nation's most valuable resources
and have been a major factor in the settlement and economic growth of
the mid-continental area of both the United States and Canada. The lakes
are utilized For many purposes, such as transportation, waste disposal,
water supply, hydroelectric power production, and commercial fishing.
The recreation industry is important both on the lakes and around the
shorelines. A ;radual deterioration in water quality caused by these
uses has been documented (Beeton 1970), with Lakes Erie and Ontario
showing the greatest amounts of pollution and eutrophication. Lake
Michigan, the focus of the initial phase of this study, does not exhibit
the advanced deterioration of the eastern lakes, but there are serious
	
I	 problem areas in Green Bay and at the southern end of the lake as well
as indications of long-term deterioration in the open waters (Beeton
1970). The seriousness of this condition in Lake Michigan is emphasized
because the water turnover rate is low compared to the eastern lakes,
and most of the major streams which feed Lake Michigan are alreadyi
polluted.
As land use patterns evolve, generally following a progression from
l is
.	 forest to agriculture to urban or industrial uses, stream flow and
water quality characteristics also change. The Corps of Engineers,
along with its responsibility for the maintenance of inland navigable
waterways, is concerned with the environmental impact of pollutants,
,r	 1
€	
^I J
4
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especially as they affect lakes and streams. Stream sedimentation, a
form of pollution which can often be related to economic activity, is of
particular interest in this investigation.
OBJECTIVES
This investigation examines the feasibility of using remote sensing
methods to assess the effect of land use as it influences sediment
loading in streams rapidly and economically on a regional scale.
To accomplish this task, these specific objectives were identified:
1) The acquisition and evaluation of a large variety of remote sensing
imagery, 2) the development of techniques for mapping and quantification
of land use patterns, 3) the assessment of the cost effectivenss of these
mapping and measurement techniques, and 4) the collection and analysis
of water quality samples for comparison to land use characteristics and
correl?tion with signatures identifiable by remote sensing techniques.
i
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APPROACH AND PROJECT HISTORY
This studywas initiated in April, 1972. A field trip was taken
in May of 1972 for an overview of the test area and to acquire data from
state and federal agencies in Wisconsin. The initial phase of the study
was primarily devoted to the aquisition of published data and the evalua-
tion of a variety of imagery provided by NASA in September of 1972.	 9
Considerable effort was devoted to experimentation with mapping
3
4	 ^^
techniques using two types of densitometry. The intent was to develop
f	 methods for the areal measurement of land use types directly from imagery.
Using filtering and color infrared emulsions, some success was achieved
r
2
al
I^
t
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r
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in differentiating USGS Land Use Classification Level T, but only where
soil color was light. A system of densitometric measurement with hand
drawn overlay maps was eventually developed. This technique provided the
necessary data for subsequent comparisons with water quality parameters.
s- Two methods were used to extract from imagery water quality infor-
mation that could be correlated to measurements done in the field. The
first method was the development of a color, classification for streams
in the study area, based on a densitometric method was to quantify
aa
.r photographic stream color differences displayed in the 1972 high alti-
tude Aero Ektachrome imagery. The results of this approach were not
sufficiently consistent to be of practical value. During the 1974
a
} missions, ground truth data on reflected and incident radiation in the
BETS MSS spectral bands was obtained. This method provided more re-
.,...
liable data and permitted significant correlation with measured con-
current suspended sediment loads for several major streams in the test
area. xnese aatia were linen couipareu -co measui-emenLS ul .Lana use anti
3
soil types in the individual watersheds for analysis of regional re-
v
lationships. {
Tn July 1973, a chapter was prepared on Land Use Mapping for the
Corps of Engineers Handbook, "Remote Sensing for Environmental Analysis"
(Haugen and Splett, 1974). This was based on land use mapping procedures 1
-9
developed during the project and provides a practical discussion and guide-
lines for land use mapping. The utility of ERTS-1 and high altitude-
color infrared imagery were compared for land use mapping applications
3
within the Corps of Engineers Missions.
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6STUDY AREA
The Wisconsin shoreline of Lake Michigan, NASA Test Site 311
(Fig. 1) was selected for this investigation for several reasons:
d
1) The area is predominantly agricultural with relatively isolated
concentrations of urban and industrial land use, so that the contri- 	 .W..
butions to pollution levels of the basic land use types can be more
readily assessed; 2) the general pollution of Lake Michigan is still low
enough so that future benefits from identification of present and
potential "trouble spots" can be realized; 3) the streams entering Lake
Michigan from the Wisconsin shoreline are relatively short so that
entire watershed areas can be mapped within about 50 miles of the shore-
line.
Physical Setting
The test area lies within the Eastern Ridges and Lowlands physio-
graphic subprovince of Wisconsin. The eastern portion is entirely
underlain by the Niagara Cuesta limestone formation which forms the
Door County Peninsula and extends to the southern boundary of Wisconsin,
sloping gently toward Lake Michigan. The other major physiographic
subprovince is the Lake Winnebago--Green Bay Lowland, a gently sloping
plain which contains Lake Winnebago, the Fox River Valley, and a submerged
portion forming Green Bay. The entire landscape of the test area has
	
1z
	 been extensively modified by Pleistocene glaciation, with glacial deposits
forming most of the local relief which ranges up to 200 feet. The Lake
	
.,	 Michigan shoreline is formed from tills and lacustrine sediments of
5r
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Figure 1. Study area and ;watershed boundary of Wisconsin rivers draining
°	 into LEse Michigan.
zhigher glacial Lakes, which has resulted in wave-cut cliffs 100-120 feet
high in much of the test area. 	 Erosion of these unconsolidated materials
continues at the present time, resulting in a large sediment load in the
nearshore waters.
The major streams of the study area are the Fox, the Wolf, the 	 .,.,
Menominee, and 0conto which drain into Green Bay, and streams draining
yy't jj
l	 =.1
into Lake Michigan, which are, from north to south along the shoreline,
the East and West Twin, Manitowoc and Sheboygan Rivers. 	 The rivers
draining directly into Lake Michigan do not have sources west of the
^r
Niagara Cuesta with the single exception of the Manitowoc, which is
a
believed to have drained Lake Winnebago during glacial times.
	 Many
lakes dot the glacially modified landscape, few of them with an area
exceeding 3,000 acres. 	 Lake Winnebago, 215 square miles, is the largest
lake in the state and was formed behind a morainal dam during glacial i
retreat.
Soil associations in the study area include the Northern and Eastern	 y
Sandy and Loamy Reddish Drift Uplands and Plains, Northern Silty Uplands
and Plains, Northern Loamy Uplands and Plains, Northern Sandy Uplands
!i and Plains, and Stream Bottom and Major Wetlands in the area between
the Oconto and Fox Rivers. 	 The major soil association in the East and
West Twin and Manitowoc River Watersheds are the Soils of the Northern
and Eastern Clayey and Loamy Reddish Drift Upland and Plains. 	 Minor
soil associations include well to poorly drained sandy soils and poorly
s	 j^
F,
drained depressional soils with some peats and mucks.
t(
8
i .
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The climate of the test area is continental, with long and severe
winters, especially in the north, and very warm summers. Lake Michigan
modifies temperatures to some extent in a narrow belt bordering the
F	 lake, but the effect is minimized by the general easterly and south-
easterly trend of most we;:ther-system movements through the areas. The
warming effects of Lake Michigan are, therefore, much less for eastern
M
	 Wisconsin than for western Michigan.
January is the coldest month, with an average temperature ranging
from 130F in the north to 240F in the south. During July, the warmest
month, average temperatures range from 660 to 730F north to south. The
frost-free season ranges from 10 June to 30 August in the north to 25
t
	 April to 20 October in the south. The wettest months are May through
September, and precipitation totals range from 29 to 33 inches, north to
south. Snowfall ranges from 60 inches in the north to 30 inches in the
z
south.
	
I
Weather conditions in eastern Wisconsin prior to and during air-
craft missions and/or water sampling dates are indicated by temperaturet
and precipitation data in Appendix I. Generally, the weather for the
RB-57 flights had to be fair, with few clouds. Scattered rain showers
preceded the flights in much of the test area. The 24 June 1974 NP-3
night time thermal scan was not completed due to heavy ground fog, and
weather conditions during September and October 1973 resulted in two
cancelled missions. Both flights were accomplished during May and June
1974, but with difficulty due to frequent cloudy conditions.'
9
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Cultural Setting
The population within the test area is in the neighborhood of
3,000,000. The largest population concentration is in and around
Milwaukee, which is also the economic center of the area, Manufacturing
f
1
,
	
	
is by far the largest employer within the test area, followed by agri- 	 .r.„
culture, forestry, construction and mining. Over half of the northern
part of the test area is in forest, and wood processing firms are a
major part of the region's economy. Much of this industry is centered
A^	 in the Fox River Valley. Mining activity includes extraction of clay,
y:
limestone, sand and gravel, together with some iron ore and granite in
the north. The recreation industry is also important, particularly in
the northern forested areas.
Agriculture is important throughout the area. Grain crops are
dominant in the south, and vegetables, small fruits and horticultural
specialties are raised in the central and northeast portions. Dairying,
together with related processing industries, is important throughout, the 	 s
'	 area. Some irrigation is practiced with specialty crops.
DOCUMENTED POLLUTION SOURCES IN THE STUDY AREA
There has been considerable activity in the areas of identification
and control of _aquatic pollution in eastern Wisconsin. Known major
sources of pollution have been identified, and recommendations for
remedial action have been made by the Wisconsin Department of Natural
I
	
	
Resources. Three divisions of the U. S. Department of Agriculture, the
Soil Conservation Service, the Economic Research Service, and the U. S.
i
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j	 Figure 2. Documented aquatic pollution sources in the study area.
^^
li
Forest Service, are engaged in a cooperative study of flooding and water
management problems entitled the "Southeast Wisconsin River Basin
Survey."
A map of known aquatic pollution sources (Fig. 2) was compiled from
information gathered by the above agencies, especially the Wisconsin 	
.w
Department of Natural Resources, Environmental Protection Division. The
point sources of pollution are mapped in five categories: 1) sewage,
2) dairy, 3) cannery, 4) thermal and 5) other types. As will be dis-
cussed in subsequent sections, few of these point sources are visible in
the small scale photography acquired during Mission 205 or Mission 273.
The largest contributors to polluted waters are inadequate sewage
treatment systems. This problem is not unique to the study area, but
typifies other areas around the Great Lakes and many other areas of the
United States. Most of the major cities have a sewage treatment plant,
but many plants are working at greater capacities than they were designed
to handle. Some smaller towns have no treatment plants, and insufficient
and/or inadequate septic tanks contribute to the problem. Attempts are
being made to rectify the situation and reduce the excessive amounts of
phosphorus reaching the streams.
The dairy industry is one of the leading, sources of income within
the study area. As a result, many dairy-processing plants operate in
the area, and in most cases their wastes reach streams with little or
no treatment. In other instances, dairy wastes enter existing sewage-
treatment plants, contributing to the overloading of some of them..
rft	 ,
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Vegetable and fruit production is an important occupation among
some farmers in the area.' Consequently there are several canneries that
contribute wastes to streams. These wastes add various chemicals from
washing operations, and increase the organic load to some extent.
There are a limited number of thermal pollution sources within the
study area. These include electric power generating facilities and
sewage treatment plants. The ma3or sources of waste heat are two nuclear
power plants, the 527,000-KW plant at Kewaunee and the 597,000-KW plant
at Point Beach. These plants are located on Lake Michigan and use water
directly from the lake for cooling.
The "other" category of point 'sources of pollution includes: paper-
processing factories, which contribute chemical and organic wastes, in-
dustrial plating facilities, dairy farms and tanneries.
cilities, dairy farms and tanneries.
EVALUATION OF THE IMAGERY
Mission 205, 4 June 1972
The flight lines for the RB-57 photographic missions accomplished
X43 4 June 197 2 are indicated in Figure 3. During 1973, a low altitude
thermal scan, Mission 235, Figure 4, was flown with coverage of the
coastal portions of the test area along with the Fox River. An attempted
:
second RB-57 overflight in September 1973 was aborted due to unfavorable
weather conditions over the test area. The 1972 RB-57 coverage was
repeated in 1974 during Missions 27.3 (3 and 7 May 1974) and 284 (12 June
1974). Separate flights of these missions were required to cover the	
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test area because of poor weather conditions. A second coverage with
the NP-3 aircraft was also obtained on 31 May 1974, Mission 272 which
included the Wisconsin coast, the Fox, Manitowoc and Sheboygan Rivers.
The flight lines for the 1974 photographic and thermal scanning missions
are essentially the same as shown in Figures 3 and 4.
The RB-57 aircraft was equipped with two 9-inch format RC-8 cameras,
each with a 6-inch lens, a 9-inch format Zeiss aerial camera with a 12-
inch lens, a 70-mm Hasselblad camera with a 40-mm lens, and a RS-7
thermal scanner filtered for the 10.2 to 12.5-m spectral region.
Imagery from the various cameras consists of 9-inch Ektachrome Type S0-	 s
397, 9-inch and 70-mm Aerochrome infrar:>d Type 2443, and a black and
white positive of the RS-7 thermal scanner image. Sequential photography
was obtained with the two RC-8 cameras timed for 60% overlap, and the
Zeiss camera timed for 22% overlap. As the RB-57 flew at altitudes of
59,000 to 59,800 feet above ground level the exact scale of the photo-
graphy was 1:118,000 for the 6-inch lens and 1:59,000 for the 12-inch
#A..
lens. Table 2 shows the imagery acquisition project for the duration
of the project.
The quality of the photography varied from good to excellent in the
9-inch-format, and from poor to excellent in the 70-mm format. -Evalua-
s
1
^I
tion of each type of imagery obtained for this study should be helpful
for planning future missions.
The Aerochrome Infrared Film (9-inch format) was exposed in two
cameras. A 6-inch lens and a 12-inch lens provided scales of 1:120,000
and 1:60,000 respectively. The 1:120.000 scale color infrared photography
was used for direct comparison with the Ektachrome Type SO-397, which r	
1
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TABLE 2.	 IMAGERY ACQUISITION SCH DDU
IMAGERY ACQUISITION BY NASA
FILM! TYPE/
DATE AIRCRAFT MISSION ALTITUDE SENSOR	 jdAVET :''GT}i
4 June 72 -RB 57 205 60,000 ft RC8, 6 1 ' lens 2443
RC8,.6" lens 50397
Zeiss 12" lens 2443
Hasselblad, 40 mm 2443
RS-7 - Thermal 10-12 micron
24 June 73 NP-3 235 3,500- RS-14 Thermal 8-14 micron
4,000 scanner
PMIS Y-band ?_
PRT 5
3-7 May 74 RB57 273 60,000 RC8, 6" lens 2443
RC8	 6" lens S0.397
Zeiss, 12" lens 2443
Hasselblad, 40 mm 2443
and 80 mm lenses
Hasselblad -3 2402
camera multispectral
40 and 80 mm lenses
f
GO."
31 MaY 74 NP-3	 272 2,500- PMIS K-band
4 , 000
RS-14 8-14 micron
12 June 74 EB57	 284 60,000 same as Mission 273.
IMAGERY ACQUISITION BY INVESTIGATORS
3 Oct 73 Cessna 5,000 Hasselblad, 100 PX, 2402
MM lens 3 camera 2443
t
-
multispectral EKMS, 2448
i	 7 May 74 Cessna 5,000 Zeiss, 6" lens 2443
PX, 2402
}
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was exposed at the same scale. The 1:60,000 photography used to verify
1
6 information derived from the smaller scale photography.
1. Aerochrome Infrared Film, Type 2443, 9-inch format, 6-inch lens,
scale 1:120,000. The exposure on the film is good to excellent.. A
	
{	 slight density difference is noted along one edge of the film. Color	 .^
saturation is good and the color rendition appears normal for this film.
Subject contrast is high but detail in some highlights is washed out.
Land use patterns are readily distinguished but individual units
4
are not easily discerned. Water bodies such as lakes, ponds, rivers
	
y
.	 and streams are easily seen. Patterns are observed in larger water
bodies which may be indicators of waterborne pollutants. A wide dis-
parity is noted in the color rendition of water bodies, and it is obvious 	 y
that factors other than pollution are contributing to tonal appearance.
Some of these factors are depth of water, surface roughness, sun angle
and water coloration,	 j
The 1:120,000 scale photography is useful in preparing land use naps 	 3
of a general nature and is excellent for long-term monitoring of urban
	
'J t	 1
expansion. However, the detail available at thisscale is not adequate
to make positive identification of all observed features. 'The photography
obtained in the 9-inch format with the longer focal length lens (12-inch) 	 l
was used wherever greater detail was needed in the study.
2. Aerochrome Infrared Film, Type 2443, 9-inch format, 12T-inch
lens, scale 1:60,000. The exposure on this film is good to excellent.
A slight density difference is noted along one edge of the film. Color
3
saturation is good and the color rendition is normal for this film type.
18
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Subject contrast is high and occasional loss of detail is noted in
lighter areas.
The detail observed in this photography is excellent. 	 Center
markings on highways may be seen, and individual automobiles are seen
on highways and in parking lots.	 Vegetation is readily separated as to
type and size.	 A peculiarity of the imagery is the three-dimensional
appearance of the red vegetation.
	 This appearance is very helpful in
determining relative vegetation heights. 	 Surface water is contrasted
sharply with the background and drainageways are traced with relative
_ ease.	 Patterns appearing in ground features lead to the speculation
i^ that relative surface moisture differences in soils may be seen. 	 Water
depth is difficult to estimate but is indicated by changes in the blue
rendition of the water.	 An example seen on the imagery is a large
swimming pool, in which the water is a very light blue at one end
gradually becoming dark blue at the opposite end.
	
This color gradation
is affected by other factors and is not a reliable indicator in all
instances.	 It was :found in this study that the aerial photography did
not give enough information to allow direct monitoring of point sources
of water pollution.	 It does, however, provide information on gross
pollution in water bodies, primarily in those cases where the pollution
'I is highly visible and contrasts with the normal coloration of the
i water.	 The ability to do detailed land use and drainage mapping from
this scale photography is a principal asset. 	 Smaller scale photography
is also useful in land use mapping,- when supplemented with adequate
larger scale photography for detail checking.
7. 19
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3. Aerochrome Infrared. Film, Type 2443, 70-mm format, 40-mm lens,
scale 1;450,000. This photography was considered least useful to the
study due to come vignetting of the image and a wide exposure variance,
ranging from poor to excellent.
Thermal Imagery-(RS-7)
j'ources of thermal pollution are essential) point sourcesS	
	 Y p	 , and
rll	 therefore patterns indicative of thermal pollution are generally recog-
l
nized as thermal plumes emanating from sources such as industrial areas,
thermoelectric generating plants (nuclear and conventional fuels), and
q-	 sewage treatment plants. The detection of thermal plumes is possible
on the small scale thermal imagery, but no quantitative assessment of
r	
actual temperature differences is possible, since calibrated tempera-
ture data are not available. The evidence of thermal pollution is there-
A
fore based entirely on relative tone signatures, for example, on a po i-
tive film the rendition of dark tones indicates cool temperz,t.ures, while
}tyo es indicate warm temperatures.ight t n	 p_
i t
	
	
The thermal imagery was obtained with the RS -7 infrared scanner,
sensitive to the 10.2 to 12.5 micron spectral range, which is the
far-infrared region of the spectrum. Most thermal imagery is acquired
at night to avoid the effect of reflected radiation and at altitudes
under 10,000 feet so the resolution will be sufficient for the detection
of thermal point sources. This high altitude, daytime imagery was done
on an experimental basis, and with some interesting results. In terms
f'
of the objectives of this study, few evidences of thermal pollutionl
r
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patterns could be seen. The only clearly identifiable man-made plume
i
on the original imagery was the plume of the Point Beach Nuclear Power
Plant (located at point 4, Figure 5) where thermal differences could be
extending about two miles southward of the plant.
The plumes of several rivers entering Lake Michigan and Green Bay
include the Milwaukee, the Fox, and the Menominee Rivers, points 3, 7,
and 1, respectively in Figure 5. It is normal for the water of rivers
entering Lake Michigan and Green Bay to be warmer than the lake water
during the spring and early summer seasons. Differences as high as 20°F
were measured by the investigators. Therefore, it is difficult if not
impossible to estimate how much of the relative warmth of these river
plumes is due to natural causes and how much due to heat added from
industrial sources. Low altitude,_ nighttime, thermal scans would provide
much more information for this type of problem.
A noticeable aquatic thermal pattern is illustrated at point 2,
Figure 5. This pattern is interpreted to be related to major circulation
patterns within Green Bay. The fact that the patterns are confined to
j	 the water area suggests that the signal does not result from atmospheric
temperature differences. The original RS -7 imagery provided numerous
patterns related to _lake currents and long shore currents in Lake
Michigan. The effect was similar to current turbidity patterns seen
L of the same areas on ERTS-MSS bands -four _and five at approximately the
same scale as the RS-7 ,imagery.
l
	
	
Thermal patterns on the land surface were complex. The most
readily distinguishable patterns were forested areas (for example,
Vkr
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Figure 5. RS-7 high altitude thermal imagery of Ludy ,..
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point 7, Figure 5) contrasted with cleared agricultural areas and small
lakes. Urban areas were not distinct, but always of a light tone on the
original imagery, suggesting; a "heat island" effect. An example is the
city of Sheboygan (point 5, Figure 5). Tonal differences of the urban
areas compared to the surrounding countryside suggest ERTS MSS band 7
in appearance.
t
	
	 One of the most noticeable terrestrial patterns on the RS-7 imagery
is a dark swath with a northwest to southeast orientation, located
between Green Bay and Lake Winnebago (point 6). The probable cause of this
cold signal is judged to be precipitation occurring shortly before the
time of flight, resulting in higher soil moisture content in this area.
The only weather stations located within the dark toned area are Brillion
and Kewaunee, which reported 0.68 and 0.69 inches of precipitation,
respectively, on 4 June	 (see Appendix I).
Mission 235, 24 June 73
In June 1973 the NASA NP-3 aircraft flew the RS-14 infrared scanner
9
-
	
	 and the passive microwave imaging system (PMIS) over the test area.
Little infrared imagery of usable quality was obtained due to ground
7
fog over the study area. The usableimagery obtained was not in the
prime study areas and evaluation was not completed.
The PMIS (Passive Microwave Imaging System) is a recently developed
sensor which has not been tested for many potential remote sensing
applications. A variety of microwave sensors has been used to measure
; E	 1,
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parameters of water or ice surfaces, and several federal agencies have
sponsored successful research on determination of sea state, water
surface temperature, water salinity, oil pollution of water surfaces,
and sea mapping.
PMTS System Characteristics
Passive microwave systems do not provide them own energy source.
D
These sensors respond to the energy emitted, reflected and transmitted 	 w
from surfaces scanned by the sensor.. The sum of these three types of
energy constitutes the "brightness temperature" of an object. Emitted
and reflected energy have an inverse relationship, with their sum being
equal to one or "unity". This relationship means that objects which
ff are good reflectors of energy, such as metal roofs and areas of concrete, 	 I
are generally poor emitters of energy - and vice versa.
The greater variance of reflectivity in any given area, as opposed
to variance in emissivity, causes reflected energy to make up the major
portion of a microwave signal recorded during daylight hours.. Night-
t
tl	 4ime imagery records mostly emitted signals. This variance in reflection
and emission causes the differences perceivable on the imagery. According
to the Earth Observations Aircraft Remote Sensing Handbook prepared by
NASA (Houston), the airborne PMIS gathers brightness temperature data
i
(10.69 GHz in degrees Kelvin) from two scanning antennae, one for
vertical polarization and one for horizontal polarization. Black and
i white images on a video monitor and digital magnetic tapes are generated
aboard the aircraft.
4	 ;
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f The imagery supplied for evaluation was a computer-processed false 	 s
color rendition of the scene scanned by the PMIS; each color represented
a temperature range of about 4 degrees Kelvin. A total of 64 colors was
used. A computer printout of the area represented by the color transparency
was supplied with the temperature for each footprint (color segment)
given.
The PMIS imagery was acquired on a single flight line of the NASA
NP-3 aircraft at an average altitude above the terrain of 4300 feet.
The flight line was centered on the 'Fox River which drains Lake Winnebago
and discharges into Green Bay, about 40 miles to the northeast. The
,f
land-use patterns along the Fox River covered by the PMIS swath include
most of the land-use categories to be found in the eastern Wisconsin
II
	
test area and form a good basis to examine the applicability of P14IS
^l imagery to land-use patterns in the Great Lakes region. Recent studies
conducted at the University of California, Santa Barbara, have suggested
that passive microwave imagery could be useful for general land use
j
,.	
mapping. n
The PMIS system has severe limitations as a remote sensing tool for
4
land—use mapping, however. These include low resolution and small-area
g	
coverage. The scanning geometry of the PMIS system is shown in Figure 	 a
Y	
6 and the formula for determining the size of the PMIS footprint is
rvJ	 shown in Figure 7. Applying the formula to the imagery evaluated in
a
this report, the following dimensions are obtained: Footprint length,
C	 l^,
464 feet; footprint vidth, 185 feet; aircraft NADIR to footprint, 5035
'	
Vii•
^'	
25

ncenter w = 1. 60 , to 2.60
a	 SCAN {
9.5
Along Axis
Y1 _ 48. 20
^2 = 50.8°
F	
s
	x^	 x2	 1.226y
xl = 1.118y (disc, from corner to begin of footprint)
x2 xl plus footprint
I
Ax .108y (x2-x1 ) length of footprint
xG = 1.1708y (Distance from NADIR to begin. of footprint)
Perp. to Axis
cos x+9.5
	
0.80
	r = 647.1
E	
0.80	
tan 0.8 = ay (.6494)
J.	 2,y tan 0.8°
^	 Altitude
fir•	
_
6 (2^,)}	 . _	
w rw = 6, 9 
(1. 36	 0430y (width of footprint)
Q
I
I Figure 7. PMTS sunning geometry, and formulae for "footprint"
determination.
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feet. It is interesting to note that from an altitude of 1+300 feet, the
PMIS footprint size is slightly narrower but considerably longer than
the 264 foot circle which comprises a single unit (Pixel) for the ERTS
multispectral scanner from an altitude of 496 miles. The PMTS imagery
1	 evaluated. has a resolution somewhat less than that of the satellite MSS
1 sensor.
Several interpretation approaches were used in the evaluation of
the PMIS imagery. The initial approach was to match visually the major
patterns of the PMIS imagery with those as seen on Aerochrome IR trans-
parencies and with black and white prints of the study area. A Bausch
and Lomb Zoom Transfer Scope (ZTS) was used to match the scales of the
imagery for visual comparison and interpretation. It was anticipated
that major patterns identified on the photography as forest or agricul-
tural land, residential and industrial areas would correlate with the
1	 microwave imagery.
It was not possible to identify the major patterns on the PMIS
imagery. The only dependable pattern agreement was the land-water
boundaries representing the Fox River and the shore of Green Bay.
In some cases other kinds of differentiation could be observed, for
fl	 instance, the boundary between the central business district in the
i city of Green Bay and established residential areas where there ^dre
many trees. Wet areas and small ponds produced a distinctive signa-
ture on the PMTS imagery and could be compared to the photo record
for shape and size. The major problem was that such relationships were
i^
r g
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not consistent from place tc , place and pattern interpretation based on
the PMIS imagery without conventional photography as ground truth was
not feasible.
An attempt was made to correlate the computer printout to the
color -transparency. A direct correlation could not be made and in many
cases a unique footprint shown in the color transparency could not be
located on the digital printout for the corresponding scan line. It
was possible in most cases to correlate the particular cultural or
natural feature as shown on the color infrared with outstanding foot-
prints on the PTMI,; imagery. A summary of interpreted relationships
is shown in Table 3. Possible causes of this lack of correlation are,
(1) individual scan lines are not properly synchronized with the computer
printout, (2) the imagery may show unique segments when the brightness
temperatures do not change significantly, or (3) the time index printed
Wk.
on the imagery or the time indication on the computer printout may be
incorrect. The best method of evaluation was a simple visual comparison
of the PMIS imagery to conventional photography.
The particular PMIS computer imagery evaluated in this project did
not provide satisfactory results for the purposes of investigating land
use. Wetlands were visible on the imagery, but the possibility of
confusing such terrain with various other phenomena that produce similar
tonal of signatures is too great to be overlooked. One cluster of
buildings may appear as a white or pink area on the imagery, while a
similargroup of adjacent buildings is not represented at all. Of t•wo
29
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TABLE 3. TYPICAL PMIS SIGNATURES
Temp Range °K	 Polarization	 Interpreted Phenomena.
	50-82	 Vertical	 -
Horizontal	 -
	
83-122	 Vertical	 -
Horizontal	 Water, Agricultural Land
	
123-226	 Vertical	 Water, Wet Lands, Industrial Areas (Mletal Roofs)
Horizontal	 Water, wetlands, Residential Areas, Industrial
i. w	 Areas (Metal Roofs)
h
	227-258	 Vertical	 "Boat Berths", Residential Areas, Industrial
Areas '(Metal Roots), Agricultural Areas, Heavily
Vegetated Areas, Isolated Metal-Roofed Buildings,
Trailer Park, Base Soil Areas
Horizontal
	
	 Residential Areas, Industrial Areas (Metal Roofs),
Agricultural Areas, Heavily Vegetated Areas
	
259-300	 Vertical	 Industrial Areas, Residential Areas
horizontal
	 Residential Areas
ap
adjacent ponds of similar size, one may be visible and the other not
shown. On the basis of color or tone signature, heavily vegetated areas
cannot be separated from residential or industrial areas. In some
cases, land could not be distinguished from water on the microwave
imagery. Some roofs showing white on the imagery could be mistaken for
ponds, as they also may be white on the imagery. This type of identi-
fication problem dominated correlative attempts based upon color and
tone on the PMIS imagery.
It is hoped that further experimentation with P14IS will provide more
satisfactory results. The ability of the PMIS to obtain surface informa-
tion through cloud cover is a an asset and could prove a valuable tool
in remote sensing of water and wetland resources.
With regard to possible practical applications of the PMIS as a
remote sensing tool in the Eastern Wisconsin test area, it would appear
there are severe limitations, especially for terrestrial applications.
These include low resolution coupled with small area coverage, in addi-
tion to the difficulties of scan line identification and numerical
(	 correlation of the colors represented on the imagery. This evaluation
d	 did not include most of the traditional applications of passive micro-
wave sensors which are primarily related to water surfaces. Also the
use of PMIS for the differentiation of soil moisture was not sufficiently
tested due to the uniformity of soil type within the Fox River valley.
The few areas of wetlands or fill were for the most part detectable. A
comparison of PMIS imagery with RC-8 photographic imagery is shown in
Figure 8. The scale of the PMIS imagery in Figure 8 is slightly smaller
31
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Figure 8. Comparison of i'Mi5 imager with high altitusc color infrared
imagery.
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in its long axis compared to the RC-8 photographic image so that coin-
.
parable points do not register exactly left and right. Although both
originals were in color, this black and white reproduction provides con-
siderable information on signature comparability. The major water bodies,
Green Bay and the Fox River, are easily defined in both types of imagery.
These areas have been filled with dredge spoils, but are mostly low and
wet. The residential areas (pt 4, Figure 8) appear as a warm signal in
the PMIS, probably due to dense tree growth. The central business
district of Green Bay, (pt 2) gives a mixed signal. The arc of cold
(light toned) signals just below this point is an error, due to a tilt
1
of the sensing aircraft at this point. (Paper mills, pts. 3, Figure 8)
provide a cold PMIS signal, and are highly reflective in the photographic
wavelengths.
1 For land-use mapping and other terrestrial applications in the
eastern Wisconsin test area, the PMIS does not appear to be a Practical
i_
tool. The only clear advantage it has over other available sensors is
that imagery can be acquired under adverse weather conditions. Although
more detailed processing at the PMTS ground data station and imagery
acquired at a lower altitude would provide more detail, it appears
f , unlikely that this sensor could provide data for land-use mapping com-
parable for most practical applications to either thermal scanning or
t photographic-sensors.
r
s
33
Missions 273 and 284, may-June 19711
Ektachrome type SO-397 2A Filter (Mission 273) scale 1:114,000:
The 9-inch format Ektachrome type SO- 397 was exposed in a RC-8
metric camera equipped with a 6-inch lens and a 2A filter. 	 The film
is slightly underexposed or dark and the color balance appears normal.
ISome detail is lacking in water bodies due to the exposure. 	 Overall
detail is good and land-use patterns are easily observed. 	 Contrast
varies from good in the center of the frame to low around the frame
f edges.
Aerochrome IR film, type 2443 12 Filter (mission 273), 9-inch format,
6-inch lens, scale 1:114,000:
The film is considerably overexposed (lig?..4) and vignetted. 	 Frame
corners are dark and the center is light.	 Subject contrast is high with
f some detail washed out in highlight areas.	 Film color balance appears
A
shifted to green.
Aeroihrome IR film 12 Filter, type 2443 (mission 273), 9•-inch
format, 12-inch lens scale 1:57,000:
The exposure, color balance aria detail of this film are excellent.
A slight density difference occurs between the center of the film and
the edges as well as a slight color shift associated with the density
a;
_change.	 Several large marks (scratches or abrasions), are noted on
many frames of the film bat these did not cause problems in interpre-
^'§ ration of land use features. 	 They do, however, show up on enlargements
F tr of the imagery and detract from its overall appearance. 	 This film
3 4
dl'
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and scale of photography provides all of the information needed for
gross land use mapping and, as was discussed earlier, was used wherever
greater detail was needed to verify mapping from the smaller scale
x^	 photography.
Aerochrome Infrared, type 2443, 70 mm format (2 1/4" square)
12 + 30B filters
The photography flown on 3 May 1974 was exposed with 40 mm lenses
on the Hasselblad cameras while the photography flown on 7 May _1974
was exposed with 80 mm lenses. The usefulness of the two days' pho-
tography varied considerably. Large patterns such as urban areas,
large lakes or ponds and streams can be seen but finer detail needed
E
	
	
for land-use mapping is missing. The probable cause for such poor
resolution is atmospheric attenuation coupled with exposure variances.
ii	 The 70 mm format is more difficult to work with when doing mapping and
>1
is considered the least desirable for land-use mapping.
Mission 272, 31 May 74
This mission was a repeat of Mission 235, a low altitude thermal and
microwave scanning flight by the NASA NP-3 aircraft. Only the PMIS 	 1
imagery from Mission 235 was analyzed with any detail because ground fog
obscured much of the RS-14 thermal imagery. Mission 272 was flown on
	
^	
a
31 May 74, approximately 2100 to 2400 hours local time. Flight lines
indicated in Figure 3, are applicable to both Mission 235 and 272.
Aircraft coverage of the Fox River was at 2500 feet (radiometric altitude).
	
j	 The rest of the coverage, including the Lake Michigan shoreline and the
Manitowoc, Sheboygan and Milwaukee Rivers way at approximately 3500
	
^ .-	
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1
feet (radiometric altitude).	 This evaluation focusses primarily on tlu^
RS-14 imagery of the Manitowoc River and briefly on the larger scale
coverage of the Fox River,	 R41S data acquired during this mission was
not received, by the investigators nor was data resulting; from the PRT- 5
radiometric thermometer intended for correlation with the RS-14 imagery.
The RS-14 thermal scan provided imagery in the 8 to 14 micron
wavelengths.	 The imagery was acquired at night so that only emitted
thermal radiation would be recorded. 	 The clarity of the thermal imagery
acquired during Mission 272 is excellent. 	 Except for the presence of
scan lines, much of the imagery approaches photographic quality in
l terms of information content available for interpretation.
The primary consideration in this evaluation of RS-14 thermal
imagery is its application to the Corps of Engineers mission work.	 The
acquisition of thermal imagery is considerably more expensive than that
i;
,	 t
of photographic imagery. This discussion compares the information con-
tent of 'the thermal imagery with color infrared photographic imagery
acquired during Mission 273•
K
Details of the RS-11.a thermal scan of the Manitowoc River were J
compared with a 1:60,000 scale color infrared photograph acquired 23
days prior to the thermal scan. 	 Figure 9 is a negative rendition of
this RS-14 imagery.	 Very little water detail is visible in either type
i
x
iof imagery except at the wider portions near the river mouth._ On the
RS-14 imagery, temperature differences, , -attributed_to the mixing of
cooler lake water with that of the river can be detected as a gradual
36
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Figure 9. RS-14 imagery of the Manitowoc River
	 egative rendition).
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shading from the harbor area to approximately one mile upstream. This
differentiation is' not observable in the color infrared imagery. An
indication of a warm :signature resulting from sewage plant effluent is
visible near the harbor entrance on the RS-14 imagery but not on the
Zeiss imagery. This small plume was readily detectable, however, on
color infrared imagery acquired by the investigators at an aircraft
	
((	 altitude of 5,000 feet two months prior to this flight.
Details of drainage, apparent soil moisture differences and
forested areas are as evident as those on the color infrared photograph
used for comparison. Agricultural land use patterns, such as differ-
F
	is	 entiation of field boundaries, roads and other cultural patterns, are
readily apparent on the RS-14 imagery. Apparent differences in surface
materials on roads were noted on the RS-14 imagery but not on the color
3
infrared. The RS-14 imagery of the urbanized area of Manitowoc dis-
played considerable detail, particularly street patterns and large
building structures.
A section of the Fox River between Neenah and Menasha is shown to
illustrate the clarity of wetlands delineation on the RS-14 imagery
(Fig. 10). .A black and white reproduction of an RC-8 color infrared
imag of the region to provide a geographic reference. The warm shallow
water within the wetlands and in a small stream entering the wetland
area provide detail generally- not available on photographic imagery.
kx The analysis of the RS -14 thermal imagery as compared to color
^.	 infrared photographic imagery indicates that many of the patterns dis-
played on the thermal imagery are readily detectable on photographic
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^' imagery, especially color infrared emulsions.	 In cases where relative
i
'' temperature information is desired for a land or water surface, there is
no substitute for the thermal scanner. However, for most purposes. x
' sufficient information can be obtained much more economically with
aerial photography.	 For instance, the identification of effluents in w
f
water bodies can be done whenever the effluent enters a water body withi
a different turbidity or color. 	 There were few cases where effluent
x
plumes identifiable on the RS-14 imagery did not create an identifiable
y I signature on either high altitude color or color infrared imagery. 	 In
a
the study area, color infrared and/or color imagery acquired at a similar
scale to the thermal imagery can be used to locate most types of effluents.
However, details of the plumes such as the size and concentration within
mixing zones, would be far better depicted by thermal imagery.
	
Although
much detail on land use patterns is portrayed in the thermal imagery,
its application in a mapping program should be limited to a few specialized
areas.	 For general mapping efforts the low resolution, narrow field of
coverage, lack of geometric control and high expense preclude the use of
thermal imagers.	 For specialized applications the thermal scanner mayJ
i be the only feasible sensor, for example, the delineation of impervious
areas within a city, or differentiation of small drainage patterns
within a wetlands area.
-- O mm Hasselblad multi-spectral photography, 2 1/4 11 sq. black and white,
25	 47 filters	 2402	 2442 film
The Hasselblad system was used to obtain black and white photography
Y
of the test areas which would approximate the various spectral bands
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used in the ERTS-1 (blue, green, red and near IR). The quality of the
photography is poor in most instances. The film is grainy; some rolls
show extensive ~later spotting; resolution is poor and contrast is flat.
The 2402 film with 25 filter produced the best result for single band
viewing and was the only band considered suitable for gross land-use
mapping ( level 1); color reconstruction of selected scenes was attempted
using the multi-spectral viewer. The usefulness of this technique
(optical mixing) was limited due to the quality of the photography. It
is possible to emphasize natural and cultural features using the multi
spectral viewer but in no instance was more information obtained from
this technique than could be obtained from the larger color transpar-
encies.
Mission 284, 12 June 1974
Mission 284 was flown on 12 June 1974 and additional photography of
lines 22 and 23 obtained. The cameras used were two Wild RC-8 metric
cameras (9-inch format, 6-inch lens), the Zeiss metric camera ( 9-inch
j
format, 12-inch lens), and 4 Hasselblad cameras with 80 mm lenses. The
Hasselblad cameras exposed plus-X Aerographic film, type 2402 through
a 12, 57 and 47 filter and Aerochrome IR, type 2443, through a 12
CC 30B filter. Nine-inch Aerochrome IR, type 2+43, was exposed in one
of the RC-8 cameras and in the Zeiss camera with a 15A filter. The
other RC-8 camera exposed Ektachrome (S0-397) through a 2A filter. This
photography is excellent and is technically some of the best received
1C	 from NASA:
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LAND USE ANALYSIS
The initial step in the land use analysis portion of this study was
to determine land use mapping criteria which would permit a quantitative
comparison to water quality measurements. Most urban and many agricultural
point sources can be directly related to a potential for aquatic or
other types of pollution but meaningful areal measurements cannot be
obtained (Fig. 4). Although changes in number and types of point sources
will occur as land use patterns evolve, the size of the site or land
area occupied by a typical point source is not directly related to the
intensity or type of pollution. The development of a data base for lama
	
dl	 use/water quality comparisons was,_ therefore, restricted to levels I,
II, and III land use categories that lend themselves to area measure
ments rather than enumeration of point sources. The investigation was
then focused on the regional relationship of land use categories to
sediment loading in streams.
The USGS Land Use Classification System (Anderson, et. al., 1972)
was selected for use in this investigation. "The classification system
utilizes the best features of existing widely used classification systems
to the extent that they are amenable to use with remote-sensing, and it
is open-ended so that regional, states and local agencies may develop
	
k=	 more detailed land use classification systems, at third and fourth
3
levels, to meet their particular needs and at the same time remain
compatible with each other and with the national system." (Anderson,
	
r[;	 et. al., 1972). An outline of the system is * shown in Table 4. This
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_ TABILE 4.	 LAND USE CLASSIFICATION SYSTEM FOR USE
WITH REMOTE SENSOR DATA
Level i Level II
O1. Urban and Built-,^?, Land Ol. Residential
02. Commercial and services
03. Industrial
04. 'Extractive
05. Transportation, Communications,
and Utilities
06. Institutional
07. Strip and Clustered Settlement
08. Mixed
09. Open and Other
02. Agricultural Land
01. Cropland and Pasture
02. Orchards, Groves, Bush Fruits,
Vineyards, and Horticultural
Areas #
03. Feeding Operations
04. Other
03. Rangeland
01. Grass
02. Savannas (Palmetto Prairies) a
03. Chaparral
r 04. Desert Shrub
04. Forest Land
01. Deciduous
02. Evergreen (Coniferous and
Other
03. Mixed
05. Water i
01. Streams and Waterways
02. Lakes
s 03. Reservoirs
04. Bays and Estuaries
05. Other
06. Nonforested Wetland
01. Vegetated
f` 02. Bare
07. Barren Land
p 01. Salt Flats Y
!!! 02. Beaches
03. Sand Other Than Beaches b
.v 04. Bare Exposed Rock
05. Other
08. Tundra
.01. Tundra
^j 09. Permanent Snow and Icefields
01. Permanent Snow and Icefields
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system is adaptable to three levels of organization. Levels I and II
are readily mapped from most types of aircraft photography and require a
minimum of ground truth data for verification. The only extensive
ground truth needed would be that required for some level III land use
mapping. Le-,e1 II. mapping was accomplished on a small area primarily to
compare content and efficiency of mapping from ERTS-1 vs. high altitude
aircraft imagery (Haugen and Splett, 197+). The only level III cate-
gories utilized were to differentiate between open agricultural land and
that with a cover crop.
A variety of high altitude imagery was obtained by NASA in Iday and
June of 1972 and 197+ for this project. For land use mapping, the color
infrared imagery acquired from the RC-8 (6" lens) and especially the
Zeiss (12" lens) cameras was most suitable. Approximate scales were
1:120,000 and 1:60,000 respectively. The RC-8 color infrared trans-
parencies were contact printed to obtain black and white negatives and
were enlarged to a print scale of 1:63360 for use with acetate watershed
outline maps prepared from USGS,15 minute topographic maps. Although
the Zeiss 1:60,000 provided the greatest detail, mission restrictions
precluded complete area coverage with this camera. Interpretation was
done directly on the acetate overlays. The 9 t1x9" color transparencies
i
were placed on a nearby light box for constant reference during this
-	 procedure.
Analysis of 1972 Imagery
The East and West Twin River watersheds"were selected for the
y
initial mapping effort because thephotography showed obvious color-
'	 density differences between the two streams, which suggested apparent
j
fvariations in sediment load. The object was to correlate the apparent
changes in sediment load to land use. Since the 1:120,000 color infrared
imagery provided the greatest amount of information on land use differences,
it was used for land use interpretation. Basic details such as roads,
streams and watershed boundaries were transferred directly from the base
map to an acetate overlay with predrawn linear features to provide
control for distortions on the black and white photo enlargements.
Land use for the Twin Rivers watersheds was mapped using the basic
procedures already described. Colors were chosen for the manuscript
map based on their optical density to allow measurement of areas through
color densitometer planimetry. The photo base map and the manuscript
land use map are illustrated in Figures 11 and 12. Unfortunately the
colors most suitable to colordensitometey do not reproduce well in
black and white photography, so the categc-ries are difficult to discern
in the illustration.
The instrument used was an Antech model A-12 densitometer, which
consists of a black and white TV camera, especially modified for uniform
sensitivity across its entire scan area, a color TV receiver, and an
electronics package including a digital planimeter. The instrument
converts density levels into different voltages which are then displayed
as discrete colors and/or numerical values. The range of density values
examined is adjustable, and the assignment of specific colors to given
density values is operator-controlled. A color window Feature
hF	
permits the analysis of a variable sized square or rectangular area
within the scanned area. The planimeter feature provides a direct
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Figure 12. Black and white reproduction of manuscj • ipt land use nui:.
47
ire.,dout of the proportion of the window in a. given color or density
level. Using; the densitometer planimetry method, 97-99;1 accuracy is
achieved, provided the initial mapping is correct.
t4
	
The color window must be calibrated to correspond to a known area
on the acetate or base map. Since the mapping was done at a scale of
1 inch equals 1 mile, a grid network (Fig. 13) representing 16 square
inches on the base map, or about 10,240 acres on the ground was estab-
L
	
lished. This block size was selected because it yielded maximum
'j
	
results in terms of accuracy and size measurement. The grid was applied
_t
to the Twin Rivers watersheds and the resulting measurements are indi-
ii
	 cated in Tables 5 and 6.
In the above analysis an experiment was accomplished using the color
r-	 densitometer to measure land use areas directly from the color and color
infrared imagery. Color filters were employed to emphasize tonal patterns
and to vary contrast differences indigenous to the imagery. The obvious
advantage of this procedure is-that manual mapping of land use would be
eliminated and data for comparison to stream sedimentation and other
water quality measurements could be obtained directly. Also, ma p s of
!	 land use could be compiled by simply photographing the individual sections
on the densitometer screen during that procedure.
n
^	 The direct measurement of land use areas from the photography proved
(	 to be feasible for limitedareas. Only those areas with light-toned
i	
soils provided sufficient color density contrast between open fields and
f	
crops and other vegetation. Other land use categories, notably forest
and roads, almost always could be disting)aished and directly measured.
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TABLE 5. AREA OF LAND USE TYPES, EAST TWIN RIVER WATERSHED
t	 A
i
Meas.	 Forest	 Urban	 Agriculture	 Other's
block
	
/	 Acres	 %	 Acres	 %	 Acres	 Acres
	
1	 4.6	 471	 12.7	 1301	 8.4	 86o	 0.9	 72
	
10__-_._ 15:7	 1608	 1.8	 184	 43.1	 4413	 4.1	 420
	
9	 8.3
	
850	 5.1	 522	 27.1	 2775
	
1.0	 102
	
I3	 4.9
	 503	 0	 0	 15.4	 1577	 1.2	 123
	
12	 27.6	 2826	 0	 0	 59.5	 6093	 3.1	 317
	
11	 9.7
	
993	 0	 0	 29.8	 3052	 3.5	 358
	
20	 9.0	 922	 3.5
	
358	 44.4	 4547	 2.8	 287
	
19	 36.o	 3686	 0.1	 10	 55.1	 5642	 4.7	 481
	
18	 6.9	 707	 0	 0	 19.8	 2028	 2.2	 225
	
23	 2.3	 236	 0	 0	 3.5	 358.	 0.1	 10
	22	 24.o	 2458	 0	 0	 55.4	 5673	 1.1	 113
	
21	 17.4	 1782	 0	 0	 51.2	 5243	 2.7	 277
	
30	 13.1	 1341	 0	 0	 39.3	 4024	 4.3	 440
	
29	 33.1	 3389
	
0	 0	 52.1	 5335	 5.3	 543
	
28	 3.4
	 348	 0	 0	 7.6	 778	 0.5	 51
	
32	 lo.4	 1065	 0	 0	 6.2	 635	 3.0	 307
	
31	 2.6	 266	 0	 0	 2.9	 297	 1.1	 113
Totals	 28	 3,430	 3 2,375
	 64	 53,330	 5	 5,257 83,414
	
µ l	 This category includes watershed boundary lines, roads, rivers, etc.
	
I1	 r:
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TABU,, 6.	 AREA OF LAND USE TYPES, WEST TWIN RIVER 14ATERSHED
Meas. Forest Urban Agriculture Other
block % Acres % Acres % Acres Acres
1 15.7 16o8 16.o 1638 15.2 1556 6.1 6,25
2 18.8 1925 4.2 430 39.8 4076 3.5 358
3 9.0 922 0 0 22.0 2252 0.7 717
7 6.8 696 2.8 287 23.4 2396 .8 819
15 8.0 819 0 0 24.3 2488 2.9 297
I; 14 11.1 1137 5.6 573 6o.1 6151, 2.2 225
8 17.1 1751 5.1 522 72.2 7393 5.1 522
9 6.4 655 0.1 10 34.7 3553 3.3 388
12 0.6 611E 0 0 1.0 102 0.1 10
l 13 29.2 2990 0.9 92 39.2 4014 6.1 625
16 18.2 1864 0 0 T7.2 7905 1.8 205
17 21.2 2171 8.2 84o 65.7 6728 3.1 317
18 111.4 1475 0 0 45.1 4618 1.6
9
164
25 6.5 666 0 0 34.7 3553 1.4 143
24 15.4 1577 0 0 65.8 6738 10.1 1034
-, 23 24.3 2488 0 0 54.8 5612 5.1 522
r
c
i 22 0.2 20 0 0 7.7 739 0 0
28 9.4 963 0 0 18.2 1864 0.9 92Q
29 0.4 41 0 0 1.3 133 0 0
27 8.0 819 3.6 369 36.3 3717 0.7 72
26
5.7 584 0
0
7.7 789 2.2 225
0 0 0- o 0.9 92 0 0
33 2.1 215 0 0 13.5 1382 0 0
Totals 22 16,000 4 4,761 67 77,90+ 6 7,360 116,025
This category includes watershed boundary lines, roads, rivers, etc.
f
a	
i
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However., the method was not considered feasible because all of the level
i
T categories could not be measured exactly from place to place within
watershed areas.
	
'	 The neat approach to land use mapping involved hand colored overlays
on frosted acetate, but with three important differences from the
	 W,
original effort on the Twin Rivers watersheds. First, a subcategory was
	
a	 created to distinguish "open" agricultural land, essentially areas
of bare soil where crops had not yet reached sufficient density (maturity)
to produce a signature on the color infrared image-2.,	 Such land, being
more subject to erosion, would contribute directly to turbidity differ-
ences in streams.	 The turbidity differences were apparent in the imagery
and could be measured by the analysis of water samples. 	 Secondly, this
t_
mapping effort was done directly on an overlay of the 1:120,000 color
infrared imagery.	 The geometric control originally provided by USES base
maps was not believed critical to the measurement of land use areas.
The smaller scale together with the procedure of mapping directly from	 j
a
the color infrared imagery was considerably faster. 	 The third differ-
ence was the production of a strip map which furnished a sampling of
land use units representative of the watershed area. 	 Two grids - one
with two square miles, and one with eight square miles were prepared
•-; for equal sampling to include at least one mile on each side of the
stream.	 The small grid square was used where the stream was more or
less straight, the larger grid was used where streams bifurcated or
1
major curves were encountered.
_ " 52
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j^	 Two watersheds were mapped and measured using this procedure, the
Oconto (1060 square miles) and the Manitowoc (557 square miles).
	 The
1l' Oconto, located in the northern part of the test area, is in a pre-
I
dominantly forested area with few apparent sources of aquatic pollution.
The Manitowoc watershed had a. proportion of land use categories typical
of the Eastern Wisconsin test area.
	 Measurements of land use areas for
the Oconto and Manitowoc watersheds using the strip mapping method are
f
I
given in Appendix 2.	 This technique resulted in a mapping area approxi-
mately one third of the total watershed.
There is a bias in the use of strip mapping for measurement of land
use categories within a watershed because land usewithin two miles of a
stream is not necessarily representative of the proportions of land use
j
within the entire watershed.	 However, it can be argued that for purposes
of studying the relationships among land use practices, stream `sedimen-
tation and other water quality measurements, the resultant data from this
procedure is pertinent.
Analysis of 197+ Imagery
t
Several changes in the mapping approach were made based on experience
gained in the mapping effort described above utilizing the 1972 imagery.
Instead of using colors on a single overlay map as in the initial pro-
t
cedure, greater measurement accuracy could be achieved with the densito-
z 
e	 meter/planimeter by delineating land use with black ink on separate
F	 overlays for each category. 	 Although mapping with colors is the more
rapid method, boundaries are not as distinct and measurement with theit
^1.
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densitometer is more difficult. This is due to the unavoidable
^W
i'
differences in -the colored patterns on acetate and also to the similarity
of color densities.
The East Twin River watershed was selected as a test area for this
mapping approach. This watershed is small (approximately 131 square
miles) compared to the Oconto and Manitowoc watersheds, and water samples
had been obtained at several locations along the East Twin River. The
1974 color imagery was used to prepare a black and white photographic
base map at a scale of 1 :63360. The 1974 color infrared imagery was
overexposed and could not be utilized for enlargement.
Five acetate overlay maps were prepared for the East Twin River
watershed at a 1 :63360 scale representing agriculture (open), agriculture
(closed), forest, urbar., and water. This total watershed map provided
an accurate basis for evaluation of previous and future mapping tech-
niques. A reproduction of these overlays with base photo map can be
found in pocket (Appendix III). The time required to map an entire
watershed at the 1:63360 scale was too great with regard to the principle
objective of obtaining quantitative land use data for several representa-
tive watersheds.
Therefore, a second sampling technique was devised and tested for
precision against the totally mapped East Twin River watershed. One
square mile _(one section) was established as the sampling unit. A
computer-generated listing of random numbers was obtained to , provide a
25% sample for grid matrices of 3X3, 4X4, 6X6, and 12X12 units. The
different sizes were necessary to provide a "best fit' s when the grids
e
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were systematically ovLnrlayed on the irregularly shaped watershed. The
grid is illustrated in Figure 14. The grids were applied to a watershed
mosaic composed of USGS topographic maps. The random numbers, identified
as to row and column for each grid, were used to locate the one square
mile.sample areas. Frequently roads, conspicuous on the imagery,
followed section lines. The exact location of a section-sized area was
varied slightly from the location indicated by the grid so as to conform
to these boundaries for ease in subsequent mapping. For the East Twin
River watershed the 25% sample provided 36 one-mile squares to be mapped.
Measurement was done with the color densitometer as previously
described. In this case, two factors contribute to greater measurement
accuracy; 1) the color window could be calibrated to conform exactly to
the one square mile size, and 2) the black ink patterns created only
one density level so the density settings of the instrument remained
constant. To verify the sampling method, the entire East Twin River
u
watershed map overlays were measured using larger grid squares and the
results compared. These results indicated that the 25% sample was within
8% of the values obtained from the total sample for all categories and
within 4% for the majority of categories. The bias experienced with the
strip mapping approach was avoided.
For the mapping and measurement of the Oconto and Manitowoc water
1i	 sheds, the 25% sample approach was used. Overlay maps were produced
from the 1:120,000 color infrared imagery. This imagery, although over-
exposed, contained enough detail to permit direct interpretation.
!(,	 Further time saving resulted from combining the mapped categories on a
4	 4,
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single sheet of acetate. Seven separate borderless sc..res representing
each of the categories was mapped in columnar form on an acetate overlay.
This permitted mapping all factors within the section sequentially, and
provided a systematic basis for the subsequent densi.tometer measurement
of areas. In this manner, level I mapping of a square mile section could
be accomplished in approximately 7 to 15 minutes, depending on the number
of categories present and pattern complexity. An illustration of these
overlays is shown in Figure 15.
SOILS OF T,iANITOWOC, EAST TWIN AND OCONTO RIVER WATERSHEDS
Assessment of the soils was needed to examine the relationship
among land use, soil, association and stream sedimentation. The soil
information used in this investigation was obtained from soil surveys
and maps prepared by the U. S. Department of Agriculture. Details on
soil association, topography, parent material and classification according
to the 7th approximation can be obtained from the Legend. For Overlay
Soil Map of Wisconsin (Wis. Geol. & Nat. History Survey, 1960).
14anitot7oc River Watershed
The approximate percentages of the principal soil groups that occur
in the Manitowoc River Watershed (Fig. 16) are: The Soils of the South-
eastern Uplands (20%), Soils of the Northern and Eastern Clayey and
f,
.	 {	 Loamy Reddish Drift Uplands and Plains (50%) and Soils of the Stream
Bottom and Major Wetlands (30%) (Fig. 13)• The Southeastern Upland
soils developed in loess and sand or loamy till and are located in the
headwater area of the watershed. The parent material for the soils
found on the Reddish Drift Uplands and Plains is primarily clay and
57
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Figure 15. Example of separate overlay mapping for a single square
mile section. Itumbo-rs refer to land use cate gories ss
shown in Appendix II.
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^B	 Soils of the Southeastern Upland J^ Solis of the Stream Bottoms and Major Wetlarfds
B 2 - Hochheim, Teresa and Brookston silt loam J 4 - Newton, Plainfield and Norocco sand and loamy sand, and
B12 - Teresa, llochhelm and .Nonno silt loam (rolling) shallow peat soils
B17 - Teresa, Onaway, Fox and Salter silt I(.am and loams J11 - Zittau, Pn ygan, Puy and Borth loams and silty clay loam
B24 -Teresa, llochheim amd Nenno silt loam Isently undulating) J13 - Raw acid sedge and woody peat soils with thin moss cover-
Ing; Cable and Freer silt loam
I^ Soils of 6c Northern and"Eastern Clayey and Loamy
J15 - Slightly acid to alkaline sedge and woody peat and muck
50118;	 PCila, Poygan and Druukston silt loam and silty
Reddish Drift Uplands and Plains Clay loam
14 - Kewaunee, llortonvlilr., Manama and Poygan silt loam and
silty clay Inam
16 - Onaway lu tmt Tnrrsa, llurtnm ill y„ Fox and Cusco loamy
110 - Kewaunee, Manawa and Poyr•au .tiny clay loam
11T - Kewauivr, Manama. Voygan and llortonvillc loams and silt
foams: Tustin Wainy sand
115 - Kew:, ui 'r, Kolbvrg and Marviwa xiit Inam and lrzuns
120 - Kewaunee, Onhkush, hiaiuiwa and Poyran milty clay luam
Figure 16.	 Soil groups of the Manitowoc River watershed.
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Soils of the Southeastern Upland
B17 -Teresa, Onaway, Fox and Salter silt loam and lozms
"l	B32 -
.
Piano and St. Charles (stratified substratum), Warsaw
and Fox silt loam
r
QSoils of the Northern and Eastern Clayey and Loamy
	
^
44 ``
frrf	 Reddish Drift Uplands and Plains.
6 4 - Kewaunee, Hortonville, Manawa and Poygan silt loam
and silty clay loam
III - Kewaunee, Manawa and Poygan silt loam and !oasis
•	
113 --Kewaunee, Manawa, Poygan and Hortonville iw=
and silt loam; Tustin loamy sand
. - Soils of the Stream Bottoms and Major Wetlands
^RI
J 4 - Newton, Plainfield and Morocco sand and loamy sand;
1/sn„	 shallow heat soils
J15 - Slightly acid to alkaline sedae and woody peat ar muck
r ^V
 AA G.-F	 1	 QI'+ p^D //^^^ri	 ,	
tolls; Fcila. Poylan and i3rookston silt loam an&911ty
	
^,	 l I 
R QUALII,y	 clay loam	 1
ll	 1 {	 r^
Figure 17. Soil groups of the East Twin River watershed.
Fl ; 60
--.ter
a
^i
Ig'
i
i
r
silt. These soils occur in the central and lower reaches of the drainaGe
system on 2-12o slopes. The Stream Bottom and Wetland Soils are located
throughout the Watershed on level plains and are usually poorly drained.
The parent materials for these soils are glacial sandy out-wash and
organic materials, calcareous clayey lacustrine sediments and sandy and
loamy glacial drift.
East Twin River Watershed
The scare soils groups that appear in the Manitowoc Watershed occur
in the East Twin River Watershed (Fig. 17) but the percentages differ
as follows: Soils of the Southeastern Uplands (55%), the Northern and
Eastern Clayey and Loamy Reddish Drift Uplands and Plains (405) and
Stream Bottom and Major Wetlands (5%) (Fig. 15)• The distribution of
these soils is similar to that of the Manitowoc.
Oconto River Watershed
The Oconto is the largest of the three watersheds (Fig.l) and
contains the greatest number of soils. The approximate percentages of
the principal soil groups are: the Soils of the Southeastern Upland
(1%), the Soils of the Northern and Eastern Sandy and Loamy Reddish
(	 Drift Uplands and Plains ( 1+80), the Soils of the Northern Silty Upland
I
and Plains (5), Soils of the Northern Loamy Upland and Plains (22%), the
}!	 Northern Sandy Upland and Plain (17%), and Stream Bottom and Major
Wetland (7%) (Fig. 18). Generally the silty and loamy soils occur on
i
moderate to steep slopes in the headwater regions. Coarse grained
deposits are found in the gently rolling and level plain positions in -
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Figure 18. So-1 1 groups of the Oconto River watershed.
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the central portion of the watershed. Finer textured. soils (silts and
clays) are found in the lo(,,r reaches of the river.
WAT'EI; QUALITY DATA FROM I` fAITTTJWOC , E IST T1.7ITT AND OCOi1TO WATERSTIEDS
Water samples were taken in Jur^e and October 1973 and May 19'(4 as
part of the ground truth for the NASA photo mission. Suspended solids
were determined on all of the samples at USACRREL according to pro-
cedures used by the Wisconsin Department of Natural Resource, Division
of Environmental. Protection and the U. S. Department- of Agriculture.
Manitowoc River
The field sample sites are located in Figure 19. The June 1973
suspended solids data vary from 30 mg/1 to 105 mg/1 with an average of
70.1 mg/1 (Table 7). The precipitation, immediately preceding and. during
the sampling period, 19-21 June, averaged 0.45 inches. During October
the suspended solids in the Manitoi•;oc River decreased to an average of
6.3 ing/1. The samples were obtained on 8 October and for the six days,
3-8 October, only 0.1 to 0.2 inches of precipitation occurred in the
watershed. In May of 1974 the average amount of suspended solids in
the river was 14.3 mg/l. For the six days up to and including the
sampling date of 3 May the precipitation averaged 0.2 inches. The sus-
pended solids data from the same monthly time periods from 1965-1968
indicate the same trend as the data obtained from this study (Tables
6 and 7.
East Twin River
a
Suspended solids determinations were made at four sample sites in
the East Twin River (Fig. 19). The average suspended, solids from the
Li 6.1
ObbA•
i
i
.'Sheboygan
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r
U
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Figure 19. Field sampling  sites for suspended solids.
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iTABLE 7.	 ?IA`I'ER QUjtLVF	 DATA: VANIT01-70C RIVER
Stu1yle Turbidity Suspend-1d. Solids Orranic hatter I,on-or^::,nic Orr.-ni.c
1.	 June 197:3
(21) 43 81.8 25.4 69 31
(3) 39 29.8 9.6 69 32
(2) 18 63. 11 .,18 6 71 29 
(3) 52 105.4 162 85 15
1?vc..
	 70.1
2.	 October 1973
Hwy 141 (3) 2 5.0 - - -
Harbor (1) 5 7. 6 - - -
Ave.	 6.3
3.	 Nay 1974 f
Harbor (1)	 10	 16.5	 -	 -	 -
Mill Road (3)
	
10	 16.9	 -	 -	 -
{
;lark Mills (2)	 2	 10.3
	 -	 -
Ave. 14.3
R :	 a
_t
3 
1
Y
y *JTU - Jackson Turbidity Units
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TABLE 8. WNFEER QUALITY DATA:: EAST TitiIN 	 E`:
Turbidity Susrcuded Solids Organic
(,TTU)	 (Ing1l)	 (mg/1)
31
G9	 32
12
18 28.6	 8.6	 701	 30
15 15 39.6	 8.2	 719	 21
26 38.0	 16A	 5 7	 43
Ave	 35.4
20+ 22.4
3.7
Ave.	 13.0
2	 4.08
73 sampling was 35.4 mg/1 and precipitation durin— th- -preceding
was 0.39 inches, The October data were collect'e4- on the eighth
uspended solids and precipitation for 3-7 October v.--eraged
and 0.28 inches. The May sampling was tak.en an t  third and
-1 mg/l of suspended solids. The precipita t -on averaged 0.22
the six days from 28 April to 3 May. This data c--=-.ared
with that obtained by the Wisconsin Department of --;a.u-.al
(1965-1968).
Y..
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S Ocoll#.0 Iliyei'
JI Vie three wat(.r smrpling sites for .:;ie Occnto River are shov,zn Jn
r
p j Cure 19 . Tho 19 Juph 1973 sar.ples yielded an average of 61.9 mg/ 1 2 of
suspended solids.	 The average precipitation during 14-18 June eras 0.15
inches.	 In October 1973 and May 1974 the water samples collected
contained very little suspended solids and much of this was in organic
form.	 These data correspond to data taken during similar intervals in
1965-1969 (Wisconsin Dept. of la,ural Resources 1968).
TABLE 9.	 WATER QUALIT'.i DATA: 	 OGOi3TO RIMER
?le Turbidity	 Suspended Solids	 Organic ?latter	 Non-organic	 Organic
^ (JTU)
	 (mg/1)	 (mg/1)	 ( a)	 (%)
L973
i
i
J
r 24	 52.6	 9.2	 83	 17
141 35	 71.2	 16.8	 76	 24
_ Ave.	 61.9
zr 1973
3
141 2	 2.2	 1.5	 59	 41
-' ),r4
3
141 22	 3. 4
	- 	
-	
-
Les 2	 1.4
	 -	 -	 -
Ave.	 2.9
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LAND U.^E/STREAM GED11,210INT1011 RELATIONSHIPS
The land use maps prepared ft-om the I'1ASA RB-57 imagery fc,r the
Manitowoc, East: Twin River and Oconto watersheds inclicate -ghat the
agricnl.tural land comprises the majority of the land area in the 14ani-
towoc and East Twin River, 74% and 66% respectively but only 27% in the
Oconto, the r.ajor unit in the Oconto watershed is forest comprising 505'
i	
of the landscape. I ,ahen these percentages are compared to the suspended
solids data taken from the Nianitowoc, East Twin and Oconto River water-
shed, the results show that as the percentage of agricultural land
'I.	 increases, the amount of sediment in -the stream increases (Table 10).
3	 TABLE 10. LAND USE, SUSPENDED SOLID, SOILS AND PRE'CIPITATIO-N
DATA FOR THE MA1,TITOWOC, EAST TWIN, AND OCONTO RIVER
WATERSHEDS
}	 Precip.
s6'	 Ag r	 Agr Forest Urban Wetlands Other Suspended Soil Five Days
Watershed Total (open) closed 	 and	 Solids Tex Preceding
' Acres	 O	 (a)	 (ja)	 {)	 Water	 (o)	 Average ture Mission
.^.	 (%)	 mg/l	 (inches)
?f	 Manitowoc 368,380 35	 39	 17	 2	 5	 2	 14.6 Fine
j^	 East Twin 88 ,264 36	 30	 18	 5	 2 	 9	 4.1 Medium
to fine
Oconto	 18	 9	 50	 1	 16	 6	 2.4 Coarse
Supporting data for this relationship also can be found in the soils
data. The finer textured. soils and the largest percentage of these soils
can be found in the Manitowoc Watershed. The headwater area of the East
Nin contains medium to fine grained surface sediment but 'toward the
l	
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mouth of the river there are finer grained soils. However, in the
Oconto the soils are primarily developed in sandy and loamy deposits
which are very coarse grained. Also, in this watershed there is a large
percentage of organic soils so the suspended solids would consist of a
.large percentage organic matter. These data reveal that the IIa.nitowoe
Watershed has the greatest percentage of agricultural land, the finest
textured soils and had the largest amount of particulate matter in the
stream (Fig. 20) during 'the test, and the Oconto has the least percent-
age of agricultural land, the coarsest textured soils and the lowest
s
	 amount of suspended solids in the stream (Fig. 21). The precipitation
data also supports these findings. During the five days before the 1974
photography and ground truth mission there was more rainfall in the
Y	 Manitowoc River watershed and the least amount recorded was in the
Oconto River watershed (Table 6, Appendix T).
To provide a more direct basis for comparing water quality parameters
to signatures contained in remote sensing imagery, multispectral measure-
ments of reflected and incident light were made in conjunction with
water sampling during Mission 235• An Exotech ERTS Ground Truth Radi-
ometer was employed.
`	 Multiple correlation. analysis indicated that reflectivity of the
Streams sampled is related linearly to incident and reflected radiation
in ERTS MSS band 5 (Fig. 22). A multiple correlation coefficient (R) of
0.85 and a. standard error of estimate for suspended solids in streams of
3.8 mg/1 was obtained. The measurement and estimated valuesare shoym
r
in Table 11. The range of suspended solid concentration during the test
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Figure 22. Relationship of ERTS MSS band 5 incident and reflected
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TABLE 11. COMPARISON OF SPECTRAL MEASUREMENTS APJD SUSPENDED SEDIMENT LOAD AT WATER SA ,IPLING SITES.	 -^^--
Stream/Sampling 	 Date/	 Reflected radiation	 Incident Radiation?	Suspended Solids 3
Site	 Local Time	 Band	 Band	 Measured
	
771st.
1	 2	 3	 4	 1	 2	 3	 (Mg/1)
Oconto River 2 May 74 .04 .05	 .03- .00 .30 8	 .30 .34 3.4 2.16
Hwy 141 1530
! Oconto River 2 May 74 .10 .12	 .08 .04 .30 .40	 .32 .36 1.4 6.24
Stiles 1600
Manitowoc River 3 May 74 .12 .20	 .10 .02 .58 .70	 .18 .08 10,3 6.89
Clark's Mills 1120
Manitowoc  River 3 May 74 .22 .32	 .18 .08 .66 .82	 .64 .64 16.9 12.65
Mill Road
Manitowoc River 3 May 74 .30 .42	 20 08 .56 .80	 .64 .80 16.5 19.18
Harbor 1300
S East Twin River .3 May 74 .14 .24	 .14 .06 .6o .74	 .6o .78 4.08 8.81
Mishicot 1330
'Fox River 3 May 74 .16 .24	 ..14 .00 .16 .16	 .16 .60 19.E 11.22
;tiTrightstown 1030 !
Fox River 2 May 74 .16 .20	 .11 .00 .28 .32	 .24 .28 12.2 12.4C
Green Bay 1315
East Twin River 3 May 74 .16 .20	 .08 .02 .46 .60	 .46 .56 10.1 8.34
Photo 1500
1Spectral Range of Bands:
	 1 (0.5-0.6p) 2 (o.6-o-70; 3 (0.7-0.8.p);	 4 (0.8-1.1u)
2Reflectance measurements are based on a 2 milliwatt full2 scale reading (21-rqw/cm2 ); incident measurements arebased on a 10 milliwatt full scale reading (10 mw/cm )
3Estimated according to Ea. y = 4.5^ + 62.5X1 -14.5X2 , where y = estimated suspe^ded solids (Mg/1), X, =
reflected 0.6-0.7u radiation (m«/cm x5), X2 = Incident 0.6-0.7u radiation (mw/cm )
i	 7777.
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period was low, 2-20 mg/l, but the high correlation with radiated and
incident light measurem4nt:, suggests that the relationship would also
exist: for higher concentrations of suspended sediment in 'the streams.
Furtlii,r sampling of a wider range of suspended sediment concentrations
with concurrent incident and radiated light measurements would permit
the=estimation of stream sediment loads based on digital density measure-
ments of remote sensing imagery in the . 6-.7 micron wavelength for this
test area.
A trial app. cation of the Universa._l. Soil Eoss equation (USDA,
1965) slid pro'°line estimates of soil loss that correlated with observable
and measurable differences in turbidity of the East and West Twin
Rivers, but it was apparent that refinement was necessary for the input
y '	 data to the Universal Soil Loss Equation to prot-ide meaningful results
for the variety of streams in the test area. It is believed that this i
could be accomplished with further work, based on imagery and other soil
data.
RESULTS AND CONCLUSIONS
c
The primary focus of this investigation has been to examine the
feasibility of using remote sensing methods to rapidly and economically
assess, on a regional scale, the effect of land use as it influences
sediment loading of streams. A test area, consisting of several major
watersheds in Eastern Wisconsin, was selected for the development and,
evaluation of techniques to achieve this objective.
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A wide variety of aer'i,U remote sensors z;as applied to the.- test
area for evaluation and development of data pertinent: to the a:sseys'smerit
of the relationship: bettilecn Iar,d use patterns and the sediment load in
strew,;. , . Dy far the most useful imagery supplied 'by NPBA for the inves-
tigation was the color infrared acquired at 60,000 feet with 9 inch
format RC-8 and Zeiss cameras. This combinatian of sensors was judged
to be adequate for any regional scale land use mapping effort to level
IT of the LJSCS land use classification, and, with appropriate ground
truth support, level III detail is feasible.
Sensor evaluation inclydes -the following:
High Altitude M-7 Thermal Scanner - This imagery', acquired
during daylight hours from an altitude of 60,000 feet provided a small
scale (1:1.000,000) thermal map of much of 'the study area. General land
use patterns could be observed 4Ls well as large water circulation patterns
in Lake 1•!Iichigan and Green Bay. The apparent swath of a recent rain
shower could be readily located on the landscape. The only man-made
effluent identified were thermal plumes from a nuclear power plant. The
detection and mapping of major circulation patterns in large water bodies
would be the primary recommended application for this sensor for high
altitude operation.
High Altitude Multi-spectral-70 mm (Hasselblad) Photography - This
_sensing tool did not provide significant data input for the study. The
smaU 70 mm format is difficult to work with, and the multispectral and
color infrared imagery acquired with the Hasselblads did not contain any
information that was not more easily obtained from the 9 inch format
H
.,.,.
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cameras. Although the acquisition cosT; of 70 rrr; imagery would bcc , some-
what less Than 9 irich L'urma L imagery, interpre# a:Li on for most purpo ,es
is more diffi.cult ar.c time: consurlinr and would probably offset arty
economy gained by the lower original cost. This is aloo true of the	
..,.
multispectral photography acquired at 5,000 feet by the invest..:igaLors
with a 4 camera Hassr1blad system.
High Altit7iide Color (SO 397) - This imagery was usable for most
purposes of this :study, but• was surpassed in utility by the 9 inch
format color infrared (2443) emulsion. A major effort was made during
the course of the study to correlate stream color differences apparent
in the color imagery with water quality parameters, such as suspended
sedimen.t load and chemical pollution. Densitometric determination of
Mansell color equivalents were determined at a large number of sample
points. The results of this effort were considered indecisive because
4	 1) the general color balance of the imagery .provided varied widely from
flight to flight, 2) the loss of density detail as compared to originals
on the duplicate imagery provided by NASA, and 3) the influence of many
uncontrollable variables on photographic color such -a.s the angle and
intensity of sunlight and atmospheric haze. It is believed the method-
r .S 	
could be developed to apply to small areas, single flight line surveys,
but does not app-ar feasible for regional area surveys or with high
altitude imagery.
PMIS - The PMIS (Passive Microwave Imaging System) imagery wasf
acquired on Mission 235 on the Fox River valley at an altitude of 4300
i<	 feet. Because P]MIS is a new sensor, and few terrestrial applica-
tions have been demonstrated or it, considerable effort was devoted
f7
	 i 
4r
i to the interpretation  and evaluati on of the imagery. 	 Other than land-
water boundaries	 it was not possible to consistently identify major
patterns on a 64 color photographic rendition of the PMIS scanning data.
Further, exhaustive attempts to correlate individual segments of -the
PMTS scan between the computer-generated false color imagery and the
digital computer printout provided were unsuccessful.	 Signatures of
a individual scan segments could be correlated with photographic color
infrared imagery, however, for some types of features such as large
buildings with metal roofs or small impoundments in agricultural areas.
There are severe limitations concerning the PMIS as a remote sensing
tool for terrestrial phenomena in the eastern Wisconsin test area. 	 In
addition to scan line identification and correlation1 difficulties, the 	 3
sensor at the altitude flown has poorer spatial: resolution than an ERTS
h
'E MSS pixel, coupled with a comparatively narrow field of view. 	 Although
.
-	
t
e
more detailed processing at the PMIS ground data station and imagery
acquired at a lower altitude would provide more detail, it appears un-
likely that this sensor could provide data for land use mapping com-
parable in quality or utility to the more readily available thermal.
scanning or photographic sensors.	 The PMIS sensor was c'riginally
designed for the microwave imaging of water surface -characteristics, an
application that was not tested in this investigation. 	 For these apply-
cations, PMIS may well be the best sensor available. = However, problems
:I relating to image correlation and resolution would still appear to apply.
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;. B5-14 Thermal Scanner - This imagery in the 8-14 'micron range
I	 ;'
was acquired during Mission 272 at alt?.tudes ranging from 2500 to 3500
+ feet of the Wiscoasin shoreline and several watershed areas. 	 It was
I	 `i compared  for information content with color infrared photographic im7 ery
obtained during other missi ->n.s. 	 Analysis indicated that many of the
pa:lterns displayed on the thermal imagery are readily, detectable on
color infrared or color imagery.	 This information included effluents in
water bodies, detailed land use, soil moisture and drainage patterns,
and urban patterns. 	 Where actual temperature information is desired,
there is no substitute for the thermal imagery'. 	 Recommended specialized
applications include monitoring and mapping details of effluent plumes
for sire and concentrations, differentiation within wetlands, impervious	 j
areas in urbanized ,3ettir!Fs, or wherever relative temperature information
is desired.	 For general, mapping efforts, the lack of _geometric control,
narrow field of view, and high expense would appear to preclude the use
of this sensor,
3
Land Use Analysis - The principal objectives of the land use analysis
r portion of this investigation were to develop a data base reflecting
a
regional differences within the test area for comparison with stream
sediment loading data, and to determine the most efficient and effective
approaches to land use mapping based on the imagery provided by NASA.
The USGS`Land Use Classification System for Remote Sensing was
tg	
i 1
incorporated because it is widely used, is compatible with most other
1	 Ft	 PP
TI
_
f }^
r
-g
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bcommonly used classificat.lons, and "is sufficiently flexible to accaru
iodate  specialized applications.	 Although initial ma,pp:irg efforts were
confined to level T of the system, subsequent mapping incorporated levels
TI and III to provide more pertinent data on erosion potential of agri-
a .,u.3	 ; cultural land.
f The final mapping of the large watersheds of the Manitowoc and the
Oconto was ,done using 'the twenty-five percent >sampling approach.	 For
greater efficiency of measurement, categories of land use were mapped
sequentially in columnar form on a single sheet of frosted acetate, and
directly from 1;120,000 	 infrared imagery.	 In terms of measurementcolora
' with the color;densi.tometer, this was considered, to be the most accurate
and rapid approach to determining land use area of a watershed.
Following the final mapping, comparisons were made with -the earlier
strip mapping efforts of the Oconto and Manitowoc watersheds. 	 Regional
differences were noted..	 Strip mapping of the Oconto resulted in over-
estimation of the amount of agricultural land (56% vs. 27%) compared to
i'
the random sampling method. 	Forest was considerably underestimated, 280
a
vs. 50%.	 For the Manitowoc, however, -the strip mapping approach produced
a slight underestimate of agricultural land, 62% vs. 74%, and an over-
estimate of the forest category, 25% vs. 17`x.	 The land use distribution
r{
of the Oconto watershed is probably typical of a dominantly forested
IL area, where most of 'the agriculture is near the streams. 	 In the Mani-
towoc watershed, where the agricultural_potential is fully developed, i
€
the majority of the remaining forest is near the streams. 	 The strip map
i f
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approach, therefore, has a built-in bias iehich can vary depending upon
the land use developxrent history and also the nature of the terrain.
i The application of this mapping approach should, be confined to cases
where prior information is obtainable on general distribution of land
use types within the watershed. 	 A flow diagram of the land use mapping
-, effort is shown in Figure 23.
A cost -effectiveness analysis was performed on the various land
use mapping approaches.	 The results are summarized in Table 3.2; 	 The	
u
strip mapping approach, using colored pencil on a single acetate overlay
4
of original scale photography., provides -the fastest method of 'obtaining
I
land use measurements.
	
Including analysis, A hours per square mile
' was required.	 For the areas sampled with a 25% random sample and a
u combined sequential overlay map as previously described, 1.1, and 1.3
hours ^Tere spent' per square mile of sample. 	 The 25% <sample of the East
l
z
Twin River Watershed required slightly more, 3.2 hours per square mile 	 I
of sample because the mapping was done on separate overlays. 	 The results
of the cost effectiveness analysis are similar to those shown in a NASA
sponsored study by Vegas (1973) although the mapping objectives were
more general than this application.
Various approaches to the actual mapping of land use were tested, 	 3
._, but all incorporated the USES classification system. 	 The ability -to
measure mapped areas rapidly was a first requirement for any of the
mapping procedures. 	 The measurement device in all cases was the plani-
meter component of a color densitometer. 	 This required that all mapped
K
x
's
9
categories he distinguishable on the basis of the. r gray scale densi,y.
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LAND USE MAPPING AND ANALYSIS
r
^
.
I	 .
FLOW DIAGRAM
Preliminary Analysis
i
Fi 1. Selection of areas
-_, to be mapped
2. Classification selection
Sampling Procedure
Total Watershed Strip '1VLap 25(1 Random Sample
s
Color Map
1
from CIR
Separate Overlays on Combined Overlay
B&W Enlargements Mapping on CIR
R
Measurement
i
{
Evaluation of
i a
Technique
Data Base for Results and Comparison to Water
Future Comparisons Recommendations Quality Measurements
i	 k
'
L
^`S
Figure 23,	 F1ov diagram of lend use mapping and analysis.
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TABLE 12. COST EFFECTIVE 1 ASS AVALYS7
East `grin Manitowoc Or_onto
25% Total 255 25% Strip
Enlargements 1.5 1.5 2 3 r,
Overlays 4 4 8 8
f Sampling 8 - 20 20 16
Mapping 29 65
-
Separate
Combined - - 120 155 40
f
Measurement 8 12 30 35 35
° Tabulation of lE 16 20 30 10
Data
Analysis A 60 60 60 30
Hours% 7.14.5/ 158:5/ 260/ 311/ 131/
{ No. of Sq. 36 144 150
250 344	 i
i Mile Samples ;
a
y Hours/ 3.2 1.1 1.7 1.2 0,4
Square Mile
3
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iV The first large- watershed map to be produced was of the East and
I West Twin Rivers watershed. 	 This mapping was done in color an frosted
acetate and included only Level I of the USES classification, 	 Measure-
ment with the densitometric planimeter was done according to a grid
k
^
+ls system previously described.	 A concurrent attempt was also made to
II
measure land use categories directly from color or color infrared imagery
using the denstometric method.
	
This method worhed for Level S mapping
i categories only in limited areas with light toned soils.
The second method applied to obtain land use data involved sampling
t
rather than mapp;i,ng the entire watershed.
	
Colored acetate strip maps
i
were made of two large watersheds, the Manitowoc and the Oconto. 	 The
sampling grid was constructed so that the sample included at least one
mile of land on either side of any stream.	 This comprised approximately
one third of the entire watershed area,
t The third method involved a dual approach; one watershed, the East
Twin River, was mapped in its entirety on six separate clear acetate
I,	 k overlays.	 The mapping was accomplished in ink to simplify the densito'-
3 metric measurement:	 The land use of this watershed was measured first"
for the entire watershed, then on the basis of a 25 percent random sample.
j
The `results of this comparison were that all of the major mapping'cate-
gories (Agriculture closed, Agriculture open, and Forest) were within
i
-^ four percentage points of being equal.	 Larger differences were noted for
K
i	
[ categories such as Urban' and Water where the ' area ' involved was Quite
it small (see Appendix IBC). 	 Based on this comparison, it was decided that
t
for subsequent mapping efforts the 25% random sample approach would
provide sufficiently accurate data; and result i-n greater efficiency.
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The analysis of the relationship between strewn sedimentation and
land use practices indicated that the amount of suspended solids rreasu.rr
from water samples increased with the percentage of agricultural land
I	 ; within the watershed.	 Soils and precipitation data were also compared
v
1f
to the suspended solids measured for the various streams. 	 The Manitowoc
watershed had the greatest percentage of agricultural land, the finest
G' textured soils, and •L'?^e largest amount of particulate matter in ;the
..j stream during the test.	 The Oconto had the least percentage of agfi-
cultural land and the coarsest textured soils, and the lowest amount of
suspended solids in the stream.
The use of high altitude color or color infrared imagery to charac-
a
_ ter.ze sediment loading of individual streams did not appear practical in
the gvantitative sense. 	 The effects of image duplicating, processing,
photo color balance, atmospheric haze, and time of day of the imagery all
serve to decrease the informational content of the high altitude aerial
y
image.	 Major differences among the streams were observable in some of
the imagery.	 The Oconto is dark on most scenes, probably reflecting the
high organic and low suspended solid content of the stream. 	 The East
{{F!r	
s Twin and the Manitowoc are generally more turbid, and this appears in
4
most of the imagery.	 Attempts to measure and characterize stream color
As differences using the Densitometer-Mwzsell system of notation (Rib, 1963)	 4
i
were not sufficiently consistent to be of value. 	 ilowezrer, a comparison
t
o},	 t
8-	 -:,
•of mu1tispectra.l iYea.,,., iirementx marlu with a hand heal radiamchur in
conjunction with water sampling during Mianion 235 was successful. 	 A
z
multiple correlatiou coefficient (R) of 0.85 was obtained betw een incident
a and reflected radiation in the rltTS MOO band 5 (.6. .7 micron) and measured
sv:spendcd solids concentrations in the streams. 	 A trial application of
f
^1
1
the universal soil loss equation (USDA, 1965) dicl provide estimates o
soil loss that correlated with observable and measurable differences in
k turbidity of the East and West Twin Rivers, but it was apparent that
l	 I a	 rUniversalrefinement was necessary for. the input data to she 
	 Soil Loss
[
6
Equation to provide meaningful results for the variety of streams in the
test area.	 It is believed that this could be accomplished with further
work, based on imagery and other soil data.
REC014 M NDATIONS AND APPLICATIONS
t This investigation has ad,ressed two primary areas of application
y for remote sensing techniques:	 1) Mapping and quantification of land
i
use, and 2) the relationship of land use to stream sedimentation.
The application for laud use mapping based on aerial or satellite
imagery has been well documented in the literature.	 Conflicting demands
i . for land utilization resulting from normal economic growth together with
k
the regulatory requirements of the 'many !Congressional Acts indicate
.
clearly that more data on lane) use will have to be generated and con-
tinually updated.	 The evaluation of a wide variety of imagery types in
this study led to the conclusion that high altitude color infrared
imagery was the most universally acceptable for the mapping and measure-
85
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ment of land use types.	 Based on this imagery a rapid and cost effectivK
approach to the mapping and measurement of land use categories was
t•
demonstrated.	 The basic mapping approach developed in this inves-ti-
G
gation is now a, part of the Corps of Engineers Handbook on "Remote
Sensing of the Environment (Haugen and Splett , 19711)
I The comparison of land use to stream sedimentation demonsi;rated
that a relationship could be shown based primarily upon data derived 1 1- 'y
remote sensing means. 	 This type of data is necessary for -the predic'--i---on
J	 i of impact on streams and harbors of land use cl,-.nges within 'a water.,"-'k'..
fn A major problem in defining a land use-stream sedimentation relat; ..a....`r.
'
j was the sparseness of published water duality data, especially
i streams away from major population centers. 7
4I The 
collection of data on water quality, especially seder, •,-'rit	 :i,
i
( 1
f	 Y could *be_ accomplished quickly and with minimum expense if 	 1 '.n'lr,
N
were developed which would include incident/reflected rad.. r 'Ic^lx :aeasuremen'ts
rr
with each Crater sample made.	 With an adequate sampling o' i c-	 ^	 aF-i	 al
?i area and throughout a representative range of national conditions,
I	
) monitoring of stream sediment loads by remote sensing methods 	 ciuld be
r instituted as a practical and efficient technique.
a
i
i
x:
r
i
I
f
4
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Eost r[Vin Watershed and b orderinr; stattions
Precipitation	 inches
October 1973
Station 4 ^	 G	 ^	 3 2
:green Bay	 T. .43 --	 .01	 -	 -- .63
Kewaunee-- -_ __	 --	 --	 -• --
2'hao fivers	 T .09 --	 -	 .0	 -- --
10	 11	 1.2
.02
	
.19	 .o6
--	 .80	 .03
­9
Temperature (0-r,)
October 1973 (max/min)
Station	 3	 4	 5	 6	 7	 8	 9	 10	 11	 12
Green Bay	 75/46 64/44 69141 67/44 62/54 74/54 73/59 81/62 79/61 70/52
Kewaw.aec	 --	 _-	 --	 -- 	 -	 --	 --	 --	 ---	 --
rD.To Rivers	 62/47 61/42 70/1+0 6a146 60/59 64/53 61/55 G6/54 67/53 67/57
IgE
I
ment of land use types. 	 Based on this imagery a rapid and cost effe tiv^^
approach to the mapping and. measurement of land use categories was
demonstrated.	 The basic mapping approach developed in this investi-
,i ga;t-ion is now a, part of the Corps of Engineers Handbook, on "Remote ,
l_ .i Sensing of the Environment (Haugen and Splett, 1974).
The comparison of land use to stream sedimentation demonstrated
that a relationship could be shoran based primarily upon data derived by
remote sensing means. 	 This type of data is necessary for the prediction
of impact on streams and harbors of land use ci,..nges within 'a watershed.
`
i
st A major problem in defining a land use-stream sedimentation relationship
" r	 t was the sparseness of published wager quality data, especially for
streams away from major population centers.
L
a The collection of data on water quality, especially sediment load,
i a= could be accomplished quickly and with minimum expense if a data ban's: 	 3
were developed which would include incident/reflected radiation measurements
	 Y
i
with each crater sample: made.	 With an adequate sampling over a regional
area and throughout a representative range of national conditions,
I
t
monitoring of stream sediment loads by remote sensing methods could be
instituted as a practical and efficient technique.
1 ^t	 1-
t:
I
I 4	
i
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1
Fast Twiii Wa -ershed and border-Lug stations
Precipitation (inches)
1974
April May
Station 28 29 30	 1	 ?	 3 4	 5	 6	 7	 -
Two Rivers .10 -- .14	 -	 -	 .03 --	 •35	 .07	 -
Kewaunee -- -- --	 --	 -_	 -- --	 .89	 --	 --
Green Bay _.. T __	 __	 T	 .17 00	 1.15
Temperature (OF)
May 1974 (max/min)
R- Station 29 30 31
y Two Rivers 6x/46 60/45 E6/47
Kewaunee 61/47 55/ 44 65/45
Green Bsy 65/49 61/44 69/49
k
i 3
i
c
.J t	 3
1-3
1X77-iv/ Y
;
rI
lip
a^ East 1' Tin WatersheO. and bordering; stations
^r
-
Preci2itation	 inches
i
.r	 `
June 1973
^.:
BCation 14 15 16	 17	 18 19 20 21
1. Kewaunee -- .08 .20	 10
Green Bay - .26 .04	 05	 - T .01 .15
Two Rivers -- T .15	 .01	 -- -- .06 --' 4
' Temperature (OF)
June 1973 (max/min)
Stetion 14 15 16	 17 	18 19 20 321
Green Bay 83/55 8x/58 80/58	 80/59	 80/56 U2/63 77/58 73/58
Kewaunee 73/54 68/54 64/50 	60/50 	66149 72/53 77/58 74/56
if UNp Rivers 69/53 67/54 `70/54	65/50	 62/49 67/51 73/5- 75/47
,,
jI
^ 9
r	 p
1
1-4
9^	 q
+
i
TABLE 2
-_ Precipitation and Temperature Data for
I'ianitoy,oc River Watershed- I
Precipitation (inches)
t
1972
z
r
I June
.y
I Station 20 30 31	 1	 2 3 4
r Appleton . 49 •35 --	 --	 -- . 05 ...
Drillion - .77 .Ol	 -- .60 .68
Chilton, .23 .61 -	 _-- .28 T_ 3
t Green Bay .06 .13 .Ol .07
i Manito- oc .22 .58 .03 -- .02	 ?
E Temperature	 OF) i... i{
197P(ma}./rain)
s I•iaV June
Station 29 30 31	 ?	 2 3
^. Appleton 71/50 56/44 68/40	 79/53	 81/54 85/61 f5/56
Chilton 83/64- 71/43 67/39	 79/52	 85/55 84/60 78/52
Gruen Bay 74/48 58/41 71/39	 8353_	 83/50 88/55 75/52
z Manitm-7oc 67/55 65/42 65/41	 80/45	 77/52 82/54 4/55
r
it f i
1 REPR,0 3LI a:
. '
	 Op THE
,... x
f
 
	T 
	,^»
	 sJ	 Iq PO 04
i
I
1-5
f `
r `
1	 `. "anitovmc 4Yatershed and Bordering Stations
I
Precipitation (inches) «...,
--
June 197? i
"tation 24 5 16	 7 18 101 20 21
Appleton .20 . 05	 .IQ -- .05 .08
x1l.i.on -- -- .35	 .10 .11 -^ .05 -- -	 _
Chilton -- T .25	 .15 - -- .05 --
i
.
Greed Bay __ .26 .04	 .05 -- T .Ol
o4
.15
^s
TE. , erature (°ten)
June 1973 (max/min)
j
I
r [
at -ions - ll ^_ L. 15 16	 1 7 1.8 1 9 20 21 
Appleton 81/58 80/65 82/58	 78/58 78/56 80/61 70/61 70/61
Chilton 81i15 83/53 84/-64	 81/63 80/53 81/61 81/53 75,
} Green Bay 83/55 80/58 80/58	 80/59 81/56 82/63 77/58 73/58
' ^anitoroc 81/55 72/5+ 80/55	 70/54 69/52 84/51 82/57 76,157
i f
 f
s
' 	 ....L
l 1 6
Preci-pitation (inches)
October 1973
Station 3 4 5	 6	 7	 8 9 10 71 12
Appleton T 11 --	 02	 .02	 -- .82 .02 .50
a
Drillion .18 .05 , -.	 _ _	 • 07 _	 .. . _ ,18 _ .86 .02
L
Chilton - .20 --	 --	 .10	 -- .15 .05 -75 T
{	
t
Green Bay T r . 43 -	 .01	 --	 -- .63 .02 .19
r. Manitovoc .02 .07 _-	 --	 .21	 -- -- -- -- ^'
h
z Term eratu e (°T )
rr..j'
October 1973 (Max/min
`! ! r Stallion	 3	 !^	 5	 6	 7	 8	 9	 1011	 12
._	 -	 _-
f	 Appleton	 73/55 64/47 68/t13 62/ 8 61/52 73/55 71/62 78/63 78/63 70/55
Chilton_
r
73/48 72/50 68/46	 67/41	 62/51
	 70/53	 73/60	 79/60 78/62	 72/60
Green Bair 75/46 64/41 4 69/41	 67/44	 62/54	 74/54 	73/59	 81/62 79/61	 70/52
14antot,*oe 67/50 61/52 65/42	 64/41 	 61/52	 67/60	 61+/59	 69/5 6/61	 67159
t,
i
c	 r
F
w
s
7
r :s
R
??
F!
<<	 S
1-7..
i
:ii	 I
,1
' ...^ lanitoi,oc Viatershed? and Dorderin ^ Stations i
P.recinitation: (inches)
" 1g74
x	 ,
w
1,.1 Station 23	 29	 30	 1	 2	 1+ 6	 7
Appleton -	 . 03	 -- --	 T	 .04	 - .35	 .02	 --
.^ trillion ---	 - ..-	 -	 --	 .04 -
	
. 59 	 -
i Chilton --	 --	 -- --	 --	 --	 -- .11	 .16	 --
r Green Bay --	 T	 - -	 T	 .17	 - 1.15'	 _-	 --i t
^
Manitowoc -	 T	 -- --	 --	 .03	 - .28	 .09	 --
Termerature (^ )
_
z
*
7 MaY 1974 	 mar min
r
1.	 7
E	
k
Station 29 30 3l
N
Appleton 68/54 65/49 69/51{
Brillion - -- --	 y
" Chilton: 66/55 68/45 68/51
Green Bay 65/49 U/44 69/49
l P.anitowoc 67/55 6i/46 74/49
tta	 ^
I ^
_
Y'
tj(^^([3	 J'y{ 	 TTl y^vry'Tp	 A	 S^y^ ;/	
T	
t
ZV 	+Y^^^ W F.4 7	 1 .i^^ .i.
	 Vi
o^/f^^WSW	 1	 IS,
M
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ti
iII
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I )... a..
h Precipitation and temperature data for Ocozsto river ;,Tatershed
Precipitation (inches)F
1972
it
IT June^ rr
h
S'tatiorY 29 30	 31 1 2 3 F
4 Breed .10 . 56	 - -- - -- --
^x Crivitz High Falls 1. 40
Lakewood .80 .18	 -T T ^, -- --
Oconto T .39 -05
Shawano 027 .06"	 - -- -- - --
z
r
} t Te 2erature (F)
r! - 19'T2 (viax/min)
tJ May June
` Station 29 30	 31, l 2 3 4 r;	 A
Breed 84/60 67/41	 70/Z&:" 82/42` 8? X44 89/47 89/39
Crivitz High Falls 86/68 72/42	 68/36 72/46 76, 4-8 76/50 86/49
Lakewood 79/52 75/40
	70 /30 8111+7 81/46 87/50 82/43
Oconto 73/42 58 /34	 68/43 -- 85/41 81/51 90/49 r
1 Shawano 84/51 67/42	 72/32 80/48
84/46 88/45 8',/44 a
1-9
Y• r`
Oconte Watershed and bordering stations
,.
Precipitation (inches)
June 1973
x
Station 14 15	 16	 17 18• 19 20 21 ^'	 1
Breed - -	 T	 .11+ 03 .o4 .12 -- L
Crivitz High Falls - -	 T	 -- - T .10 --
Lakewood --' . o4	 T	 .46 -- •- -03 • 03
Oconta - -	 T	 .05 .12 o 03 - 1
5 Shawano -- --	 --	 T -- .06 -01+ --
O
Temperature { F)
u
June 1973 (max/min)
i' Station 14 15	 16	 17 18 19 20 21
Breed 85/x+9 85/1+7	 83/61	 75.5
86/62
	
89/66	 80/55
78/56
71/51+
8+/60
73/60
83/57
82/58
75/51
76/56
.'
Criv tz High Is11s 94/60
Lakewood 83/1+5 83/59	 75/58 	73/51 75/56 81/6o 78/55 73/52
w oconto 78/50 83/55	 81/60	 72/56 -74/57 75/59 80/57 72/54 s
` Shawano 81/48 80/57` . 75/64	 78/53 78/53 76/54 80/61 80/51 rN ,
i
t
i .
k
i-io
1.	 k
jl
"r	 J
F ' Oconto Watershed and bordering stations
Precipitation (inches)
October 1973<
r 9tat on 3 4 5 6	 7 8 9 10 11 12
f.l^3reed T .17 .06 —	 07 — -- .22 .56 •19
Crivitz High Falb -- 0 32 -- --	 T -- .54 1.10 .10 _-
x 1:akewood -- .10 -- --	 -03 -- .84 .0 -15 -03
5 onto -- .10 .36 --	 .07 -- -- 3 9 .27 --
Shawano -- 11 -	 .05 -- 1 .09 -- .29 -- h
Temperature (OF)
I
October 1973 (max/min),
IkAstion 3 4 5 6	 7 8 9` 10 11 12
Breed 75A0 72/1x9 68/29 70/28	 62/49 73/54 73/59 76/52 78/56 75/60
f ^riv tz High Falls 73/40 74/42 72/34 70/29	 73/33 70/60 661s 1E 75/58 75/64 72/54
Fzkeytood 73/40 70/47 ,68/32 65/30	 60/48 72/52 68/57 70/58 74/60 68/58
6conto 65/44 73/44 65/37
^ {
0137	 65/a
^
62/5f
^^
6.155 66159 77/59 75/62
A
Shawano 73149 70/45 69/30 68130	 60/46 72/49 ,,72/54 76/55 r8/53 78/53
r
'
j
g
a
m
i
F.
i -
li
FI
NN
71,
a3U
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S
-
^
H
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i
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`	 Planimetric Densitometer Readings
S for 1972 Strip Map
Manitowoc River Watershed
Manitowoc, Wisconsin
Open Closed
Sample Agriculture Agriculture	 Forest Urban Other
i No. (02-01-02) (02-01-01)	 04 (01)
1 3.8
0	 0 85.7 10.5
2 21.1 24.1	 9.2 40.5 5.1
3 29.4 39.5	 19.0 4.7 7_.4
-,. 4 30.6 41.2	 19.5 0 8.7
5 36.0 35.0	 22.9 0 6.1
6 33.9 31.8	 18.1 lo.4 5.8	 .,
7 38.2 41..9	 14.2 0 5.7
8 7.3 19.7	 69.9 0 3.1
1
9 29.5 36.1	 23.7 3.2 7.5
10 34.4 37.2	 22.3 0 6.1
.^
11 11.7 33.3	 51.1 0 3.9	
ti
12 10.2 2 5.7	 58.3
-0 5.8
13 33.1 38.9	 23.5 0.2 4.3
14 30.,9 33.8	 12.2 18.1 5.10	 c
1 5 3	 .99 4o.6	 14.8 0 4.7^
16 25.8 33.5	 34.2 1.1 5.4
17 27.5 38.1	 27.6 0 6.8
I
18 25.9 46.6	 18.7 1.2 7.6
19 36.4 38.8	 17.9 2.6 4.3	 z;
20 26.2 29.8	 37.8 0 6.2
2-1
js Open Closed
Sample Agriculture Agriculture Forest Urban Other
No. (02-01-02) (02-01-01) (04) (01)
21 26.1 39.0 28.o 0 6.9
F 22 28.6 32.9 30.3 0 8.2
23 19.3 45.5 29.1 , 0 6.1
24 25.8 35.0 32.0 0 7.2
25 31_.7 44.0 18.5 0 5.8
26 32.9 52.0 8.0 0 7.1
27 28.2 33..8 30,6 0 7.4
28 35.9 42.1 13.6 0 8.4
29 33.8 34.3 25.5 0- 6.4
30 28.5 54.8 to.6 0
i
6.1
31 32.7 44.9 18.4 0 4.o
32 29.9 36.9 28.4 0 4.8
33 23.6 44.9 - 26.4 0 5.1
34 37.7 49.3 7.7 0 5.3
35 26.1 39.3 5.2 23.4 6.0	 1
36 26.7 48.5 18.9 0 5.9a
37 37.3 46.1 6.8 1.3 8.5
H	 11 i
38 18.1 42.6 31.2 0 8.1
39 30.7 36.2 27.9 0 5.2
M1
is	 n
i	 '
j
R
.2-2,
r
r'
€
f
a
Acres per Land Use Category
for0	 1972 Strip Ma 	 p
a
Manitowoc River Watershed
Manitowoc, Wisconsin
( Open ClosedG Sample Agriculture Agriculture Forest Urban Other Total Acres
No. (02-01-02) (02-01-01) (04) (01) in Sample Box
1 194 0 0 11388. 538 5120
2 1080 1234 471 2071+ 261 5120
3 1505 2022 973 241 379 512E ..
j
4 1567 2109 998 0 446 5120
k 5 1843 1792 1172 0 313 5120 t.
6 1736 1628 927 _532 297 5120
7 1956 2145 727 0 292 5120
t
k
«i 8 374 1009 3579 0 158 5120
3
a `r 9 1510 1848 1213 164 385 5120
10 1761 1905 1142 0 312 5120 s.	 a
11 599 1705 2616 0 200 5120 r
12 522 1316 2985 0 297 5120
^'
13 1695 1992 1203 10 220 5120
1
14 1582 1730 625 927 256 5120j
15 2013 2079 758 0 240 5120
16 1321 1715 1751 57 276 5120
i7 1408 1951 1413 p 0 348 5120 a
.: 81_ 1 263 2 863 957 62 389 5120
19 1864 1987 , 916 133 220 5120
20 1341 1526 1935 o 318 5120
2-3
k.
q3
Open Closed
Sample Agriculture Agriculture Forest Urban Other Total Acres:
A. No. (02-01-02) (02-01-01) (04) (01) in Sample Box
21 1336 1997 1434 0 353 5120	
S
22 1464 1684 1551 0 421 5120 .r.
^. 23 988 2330 1490 0 312 5120
r ;. 24 66o 896 879 0 185 2560
4
x 25 4o6 563 237 0 74 1280
26 421 666 102 0 91 1280
27 361 432 392 0 95 128o
28 46o 539 174 0 107 1280
t 29 433 439 326 0 82 12803
30 365 701 136 0 78 1280
` 31 418 575 236 0 51 1280
32 383 472 364 0 61 1280
33 302 575 338 0, 65 1280
34 482 631 99 0 68 128o
35 334 503 66 300 77 1280
^`
° 36 342 621 242 0 75 1280
1
37 477 590 87 17 109 128o
<<' 38 232 545 399 0 101 1280 r
39 1572 1853 1428 0 267 5120
TOTAL 38,663 50,691 36,281 8905 8820 143,36o
% of Total 2$ 35 25 6. 6 100Average
F 2-4
JEj Planimetric Densitometer Percentages
(corrected to 100%)
from 1972 Strip Map
Oconto River Watershed
Oconto, Wisconsin
Open . "losed
j Sample 'Agriculture Agriculture	 Forest Urban- Other
No. (02-01-02) (02-01-01)	 (04) (01)
1 0.5 4.1	 39.4 1.9 54.1
2, 7.7 8.4	 37.3 38.3 8.3
r
.. 3 26.4  36.9 ;	 26.4 6.3 4. o
38.5 31.5	 29.3 - 0.7
[.J45 27.0 44.7	 26.0
-
2.3
6 10.9 - 30.4	 41.1 2.9 14.7
-7 1.5- 1.5	 87.6 - 9.4
It 8 17.4 14.4	 53.2 12.9 21
9 `	 27.7 37.5	 24.7 2.3 7.8
10 23.4 34.0	 35.6 - 7.0
11 21.5 44.2	 29.9 - 4.4
12 24.0 31.9	 27.8 13.0 3`.3
13 23.5 48.5	 19.7 - 8.3
14 25.1 35.8	 34.3 - 1+.8
15 14.5 28.4	 48.6 - 8.5
16 14.3 36.2	 39.6 -
r	
9.9
17 18.0 27.7	 51.4 - 2.9
. 18 12.0 33.9	 46.2 - 7.9
19 10.3 39.5	 38.6 11.0 0.6
rf
20 22 ..0.. _	 23:.5...47.1 - 7.4
1
Open Closed
Sample Agriculture Agriculture Forest Urban Other
No. (02-01-02) (02-01•-01) (04) (01)
21 14.4 16.1 63.9 - 5.6
22 8.7 31.9 55.1 - 4.3
23 7.3 13.3 70,8 - 8.6:
24 1.1 5.4 85.6 - 7.9
25 6.1 24.1 65. 0 - 4.8
a;
26 2.2 11.6 79.6 2.1 4.5
^7 o.6 8.3 88.7 - 2.4
28 l.6 5.7 87.k - 5.3
29 _ _ 98.2` - 1.8
30 1.0 91.7 ' - 7.3
31 - 13.8 70.6
4.5 11.1
32 1o.6 18.5 66.8 - 4.1 d
33 1.3 2.4 91.3 - 5.0
r
34 19:5 53.5 18.9 8.1 t'
35 26.9 55 ..7. 1.23 - 4.2
36 12.4 39.5 44.9` - 3.2,
37 25.2 53.8 16.3 - 4.7
38 31.3 42.3 23.7 - 2.7
i
I 39 23.3 44.6 29.4 - 2.7
40 37.3' 32.0 24.7 - 6•C
r
I i
41 35.2 36.6 25.6 2.6
,
42 32.8 58.7 4.6 - 3.9
1a.^ 2-6
ii
j
t
Open Closed
Sample Agriculture Agriculture Forest Urban	 Other
No. (02-01-02) (02-01-01) (04) (Ol)
43 32.9 43.1 18.7 —	 5.3
44 - 5.7 79.1 -	 15.2
45 — 94.2 —	 5.8
46 95.6 4.4
47 _ — 97.7 _-	 2.3
48 — — 96.9 —	 3.1
49
_
_ 95.8 _	 4.2
50` — — 84.7 —	 15:3
51 1.8 — 85.5
_	
12. 
7
^ 4
52 _ 8.8 82.6 -	 8. 6
53
_
—
96.9 -	 3.1
54 _ _ 96.`9 —	 3.1
55 — — 97.1 —	 2.9
G	 ^
a s
s
f
^.
r
I
i
Acres per Land Use from Planimetri
Densitometer Percentages of 1972 Strip Map
Oconto River Watershed
7Y Oconto, Wisconsin
tt
( Open Closed
Sample Agriculture Agriculture Forest Urban Other Total Acres.
No. (02-01-02) (02-01-01) (04) (01)
26 210 2017 97 2770 5120
I
2 394 430 1910 1961 425 5120
3 1352 1889 1352 322 205 5120
a 4 1971 1613 1500 — 36 5120
r
11, 5 1382 2289 1331 — 118 5120
I 6 558 1557 21o4 148 753 5120I
7 77 77 4485 — 481 5120
8 891 737 2724 660 108 5120
1
9 1418 1920 1265 118 399 5120
t 10 1198 1741 1823 - 358 5120
11 1101 2263 1531 -
225 5120
12 1229 1633 1423 666 169 5120
13 1203 2483 1009 425 5120
r
{
; 14 1285 1833 1756 - 246
a
5120
a
41_ I1 15 7+2 1454 2489 — 435
r	 ^
5120
I
16 732 1854 2027 - 507 5120
I { 17 922 1418 2632 - 148 5120I
18 614 1736 2365 — 405 5120
i9 #	 528 2022 1976 563 31 5120
d 20 ' 1126 12 30_ 2412 - 379 5120
^M
s f
—2-8
i	 z
Open Closed
M ^ Sample Agriculture Agriculture Forest Urban Other Total Acres
K No. (02-01-02) (02-01-01) (04) (Ol) ,
21 737 824 3272 - 287 5120
,
22 446 1633 2821 - 220 5120
i
,ll
23 374 681 3625 - 44o 5120
24 56 276 4383 - 405 5120
C	 i
. 25 312 1234 3328 - 246 5120
26 113 594 4075 108 230 5120
I 27 31 425 4541 - 123 5120
i 28 82
292 4475 - 271 5120
)k 29 -. - 5028 - 92 5120
30 - 51 4695 - 374 5120
31 _ 707 3615 230 568 5120
32 543 947 ?42Q - 210 5120
k g 33 67 123 4674 - 256 5120
I
i 34, 998 2739
968 - 415 5120
3 5 1377 82 52 6 67 - 215 1205 k
i ' 36 635 2022 2299 - 164 5120
j 37 1290 2755 835 - 24o 5120
38 1603. 2166 1213 - 138 5120 z
I ;` 39 1193 2284 1505 -	 .' 138 5120
i 4o 477 410 316 - 77 1280
41 451 468 328 - 33 128o
42' 420 751 59 - 50 1280 5r.
43 421 552 239 - 68 128o
2-9
1_L (	 ( 1^ i
Open Closed )
Sample Agriculture Agriculture Forest Urban	 Other Total Acres
No. (02-01-02) (02-01-01) 04) (ol) in Sample Box b-
1+4 - 73 1013 -	 191+ 1280
S 45 _ 1206 -	 74 12$0
46 _ _ _ 1224 -	 56- 1280
47
_
_ 1251 _	 29 1280
48 - - 1240 -	 40 1280
^	 r 49 - - 1226 -	 54 1280
Y
So
_ _ lo84 —	 196 128o
51 23 - 1094 -	 163 1280 r...
_v
52 - 113 1057 -	 110 1280
53 _ - 1240 -	 4o 1280
a
74 - - 1240 -	 4o 1280
^
55
_
- 1243 -	 37 1280
x TOTAL 55,334 20,398 114 , 639 4873 14 , 916 220,160
rl
c
i	
.
Silt
i
rr
2-10!t
'4
Planimetric, Densitometer Readings
of Randomly Selected Sections for
Manitowoc River Watershed
Manitowoc, Wisconsin
Open Closed
. Sample	 Agric Agrie, Forest Wetlands	 Urban	 Water Other Clouds	 Total Error
t No. (02-01-02) (02-01-02) (64) 06 ) _	 (01)	 ( 05)
1 47.5 52.5 1.9 -	 - 1.0 -	 102.9 +2.9
a 21. 10. 0 8.o 1.6 _	 _	
_
-
_	 96.7 8	 .177
-3.3
3 32.9 34.4 2.7 2)1. 4 	-	 - 0. 5 -	 94.9 -5.1' 3
4 37.4 41. 5 _ 6.3 4.6	 -	 - 1.9 -	 91.7 -8.3
a
Y
4
5 47.2 44.4 _ -	 2. 4 2.9 -	 96.9 -3_. 1
ru
f
f 6 56.0 33.6 1.6 -	 -	 - 4.7 -	 95.9 -4.1
7 31.1 41.5 16.2 -	 _	 _ 2. 4 -	 91.8 -8.2
8 36.2 35.3 19.3 2.8	 4.7 98.3 -1.7
9 33.1 53.4 13.1. -	 -	 - 1.8 -	 101.4 +1.4 rt	 ^.
10 17.7 51.1 14.o 5.4	 -	 5.6 2.3 -	 96.1 -3.9
11 - - 92.4 5.0	 -	 - - -	 97.4 -2. 6
12 - 2.2
_	 -	 -
-
	 92.7
890.5
7 3
13 34.0 43.2 35. 0 -	 -	 - 1.9 -	 114.1 +14.1
14 38.5 43.1 7.3 -	 -	 - 4.2 -	 93.1 -6.9
j' 15 36.0 47.0 12.4 -	 -	 - 1.4 -	 96.8 -3.2 k
16 27.3 18.9 20.4 -	 -	 - o.4 31.6	 98.6 -1.4
17 17.4 13.2 3.1 -	 -	 - - -	 100.5
B+0.8
.,
18 31.0	 i 19.5 51.7 -	 -	 - - -	 102.2 +2.2
i
19 38.4 4641 14.4 -	 -	 - - -	 98.9
:f
Y
l
20 39.0 52.1 5.4 -	 _	 _ 4.7 -	 101.2 +1.2
Open Closed
Sample	 Agric Agric Forest Wetlands	 Urban Water Other Clouds	 Total Error
No. (02- 01-02) (02-01-02) (o4) (06)	 (01) (05)
21 42.:1 27.8 28. 1 -	 - 4 .5 0.8 -	 103.3 +3.3
22 17.0 57.7" 11.9 4.5	 - - - -	 91.1 -8.9
y
23 26.6. 31.5 44.7 -	 - - 1 .0 -	 103.`8 +3.8
,
24 36.2 33.7 9.0 10.9 4.9 -	 94.7 -5.3
I 1 ^5 33.0
28.7 34. 6 -	 - - 2.1 -	 98.4 -1.6
I 26 23.9 15.4 2.8 -	 - - - -	 101.8
+3- . S
:.I 27 42.2 51.1 6.8 -	 - - - 5.3	 105.4 +5.4
i 28 5.7 15.4 74.8 -	 - - 4.2 -	 100.1 +0.1
29 42.4 25.8 30.4 -	 - - 0.2 -	 98.8 -1.2
30 52.3 34.o 21.8 -	 - - - -	 lo8.1 +8.1
31 31.0 37-.5 28.3 -	 - 4.1 _	 100.9 +09
32 -51.9 42.4 8.3 - - 3.4 -	 lo6.0 +6.o
R
F
33 51.9 27.2 12.2 -	 - - - -	 91.3 X8.7 L
34 56.o 35.5 3.9 -	 - - 6.8 -	 102.2 +2.2
35 '30.8 44 .0 17.0 -	 - - - -	 91.8 -8.2
36 43.6 26.7 21 .6 -	 - - 6.o -	 97.9 -2.1
37 41. 7 46.6, 11.6 -	 - - 3.7 -	 103.6 +3.6 a^
38 4;3.0 40.2 16.4 -	 - 1.9 1.1 -	 102.6 +2.6
i
39 38.0 51.5 8.6 -	 - 1.5 1. 1 -	 100.7 +0.7
L40 21.1 58.2 3.4 3.0	 11.0 - 3.0 -	 99.7 -0.3
41 24.6 45. 5 4.1 19.3	 - - - -	 93.5 -6.5 a
y
11
2-12
bi
Open Closed
Sample	 Agric Agric Forest Wetlands	 Urban Water Other Clouds Total Error
9N No. (02-01-02) (02-01-02) (o4) (06) (01) (05) t
42 27.5 12.2 - 27.1 - 35.8 - 3.6 -	 106.2' +6.2,
43 27.4 28.0 3.8 - 33.6 0.9 - -	 93.7 -6.3
..,
44 43.3 43.5 2.7 - - - 5.8 -	 95.3 -4.7
45 50.5 34.1 3.6 - _ - 4.5 -	 92.7 7.3
1 46 49.7 47.3 2.7 - - - 0,5 -	 100.2 +0.2
47 41.4 35.3 15.1 - - 3.9 - -	 95.7 -4.3
! 48 31.2 37.9 22.7 - - - 5.5 -	 97.3 -2.7
49 51.3 42.5 4.4 - - - 3.4 -	 101.6 +1.6
x
I 50 30.0 49.3 4.8 - - - lo.6 -	 94.7 -5.3
51 38.3 52.3 5.6 - - - 5.2 -	 lol .4 ; +1.4
un
52 27.9 20.1 29.2 14.3 - - 0.1 91.6 -8.4
r
M 53 55.7 31.4 6.3 5.1 - - o.4 -	 9849 -1.1
54 4.5 13.6 5.4 - -	 - - 3,3 -	 100.0 B73.2
55 20.8 72.5 5.9 - - - 2.0 -	 101.2 +1.2
I'
``.
56 25.8 64.6 4.8 - -
-
1.6 _	 96.8 -3.2
C 1 57 39.3 32.7 7.4 2.8 - 12.5 2.5 -	 97.2 -2.8
x
+.T 58
40.7 38.9 19.1 - - - 0.2 -	 98.9 -1.1
_59 41.3 55.6 3.9 - - - 1.0 -	 lol.8 +1.8
6o 36.2 36.o 19.0 - - - 2.9 -	 94.1 -5.9 a
61 48.9 41.1 14.9 - - - O. S -	 105.7 +5.7
1
4.' 62 58.1 42.7 0.9 - - - 0.5' -	 102.2 +2._2
-
2-13
rsf ^ Open Closed
Sample	 Agric Agric Forest Wetlands Urban Water Other Clouds	 Total Error s
; No. (02-01-02) (02-01-02) (04) (06) (01) (05)
63 32.7 39.4 8.8, 7.0 - 1.9 3.7 -	 93.5 -6.5
r
11 i
64 9.9 10.1 63.o 7.9 - - 2.5 -	 93.,4 . -6.6
65 47.4 48.2 .4 - -	 96.o -4.o
66 33.3 43.5 8.7` - 7.8 1.2 -	 94.5 -5.5
67 24.0 70.3 9.1 - - - 2.5 -	 105.9 +5.9 G
E
u 68 42.6 42.5 - 1.9 - - 3.0 90.0 -10.0
69 47.4 42.2 7.5
-
- 2.7 - -	 99.8 -0.2
70 56.0 47.7 0.5 - = 4.6 - -	 1o8.8 +8.8
71 37.7 45.3 24.8 - - - 0.8 -	 1o8.6 +8.6 1
72 4o.8 48.7 16.6 -
-
3.3 - 109.4 +9.4 1
73 4o.1 47.6 6.4 - 8.3- 3.1 - -	 105.5 +5.5
74 50.1 43.9 - - - - 0.9 -	 94.9 -5.1
,
75 41.4 41.o 6.9 - - - 0.7 -	 90.0 =10.0
y
76 49.4 39.3 - 3.2 - - 2.4 -	 94.3 -5.7
` 77 54.1 37.8 - - - - 5.2 -	 97.1 -2.9
7$ 4 S, 1 43.2 2.0 0. 9 _ - 4.3 -	 95.5 -4 . 5 k
3
79 15.2 11.8 >+.9 59.5 - - - 91.4 -9.6 w
80 38.4 28.6 19.0 - - 8.6 1.7 96.3 -3.7`
81 35.0 11.7 6. 0 21 20.6 10.5 7.3 -	 93.2 -6.8
82 27.9 59.7 5.6 - - - 1.9 -	 95.1 -4.9
83 30.8 6o.4 8.2 - - - 2.6 -	 1102.0- 2.0
f IIx
84 27.2 63.8 1.5 - - - 4.6 -	 97..I -2.9
2-14
REPRQDUCLBMITY Off' THE
ORIGMa, aPAGL
AF-
ll Open Closed
1. Sample	 Agric Agric Forest Wetlands Urban Water Other Clouds	 Total Error
No, (02-01--02) (02-01-02) (04) (06) (01) (05)
85
_50,4 44.2 1.6 - - - 3.1 -	 99.3 -0.7
86 42.9 43.4 7,7 _ - - o.6 -	 94.6 -5.4
87 34.1 55.1 - - - 7.4 -	 96.6 -3.4
t
88 33.9 23.9 - 29.2 20.2 - -	 107.2 +7.2
89
-
_
_
_ 92.0 2.9 - 94.9 -5.1
' 90 27.8 54.8 1.0 - 6.,6 - 1.8 -	 92.0 -8.0
91 25.9 30.1 8.2 23.5 - 5.8 1.0 -	 94.5 - 5.5
k
92 3.6 4.3 35.1 51.7 - 12.0 - -	 109.7 +9.7
93 36.9 15.5 16.7 17.3	 - - 7.6 o.4 -	 94.4 -5.6
t 94 41.7 44.o - - - 9.4 6.5 -	 lol . 6 +1.6
95 26.8 41.4 22.0 - 1.6 - 4.6 -	 96.4 _3,6
96 16:1 49.3 33.7 - - - 0.5 -	 99.6 -o.4
97 24.1 4o.o` 29.2 - - - 4.3 -	 97.6 -2.4
x 98 45.3 24.5 27.9 - - - 4.7 -	 102.4 +2.4
^
`
99 31.4 17.2 33.0 9.4 - - _ _	 91.0 -9.0
l
100 33.1 14.8 41.0 - - - 2.7 -	 91.6 -8.4
1 101 0.7 6.8 62.2 27.3 - - - -	 97.0 -3.0
102 31.6 43.6 15.5 - 7.7 - 5.7 -	 104.1 +4.1
3
103 17,7 37.9 11.6 6.2 - - 3.1 -	 100.0-B23.5
^^ 104 26.1 40. 3 32.8 - - 2. 4 -	 108.3 +8.3
t ►
lo6 44.5 26.1, 12.9 - - 5.5 3.7 -	 92.7 -7.3
ff 2-15
IS 
l= Open
	
Closed
Sample Agric	 Agric	 Forest Wetlands Urban Water Other Clouds Total Error
	
No. (02-01-02) (02-01-02) (o4) 	 (06)	 (01)	 (05)
I
i 106	 39.2	 34.6	 lo.6	 -	 9.1	 5.6	 -	 99.1 -0.9
107
	
36.6	 58.7	 3.5	 -	 -	 2.6	 lol. 4 +1.4
r	 108	 33.7	 53.5	 5.1	 -	 -	 o. 4 	-	 92.7 -7.3
log	 4o.3
	 37.8	 9.0	 4.4 91.5 -8.5
110	 22.1	 32.0	 27.5	 11.9	 8.2	 101.7 +1.7
L,	 111
	
14.6	 12.2	 29.9	 33.0	 6.7	 -	 96.4 -3. 6
I
112	 37.9	 44.8	 10.3	 -	 -	 0.7	 -	 92.8 -7.2
113
	
14.8	 6.4	 78.5	 -	 -	 -	 2.9	 -	 102.6 +2.6
h	 114	 16.2	 57.0	 17.3	 1.6	 -	 -	 92.1 -7.9	 a
l 115	 34.3	 35.4	 12.9	 7.1	 -	 5.4	 o.8	 -	 95.9, -4.1
	
.wl
	 '
116	 51.6	 52.3
	
-	 -	 -	
-	 -	 -	 103.9 +3.9 y
117
	
26.4	 12.4	 54.2	 -	 -	 93.0 -7.0
{{,
118	 46.5	 54.2	 3.3	 -	 -	 -	 3.7	 -	 107.7 +7.7
	f_<
	119	 23.7	 31.1	 37.2	 -	 -	 -	 5.2	 97.2 -2.8
x
	
I	 120	 6.6	 4.3
	
84.2.:	 -	 -	 -	 0.5	 -	 95.6 -4.4
121	 24.1	 14.9	 61.0	 0.1	 -	 100.1 +0.1
	
•	 122	 17.4	 33.3	 56.5	 -	 -	 -	 107.2 +7.2
123
	
16.8	 37.0	 32.5	 8.0	 3.4	 4.6	 102.3 +2.3
124	 15.1 	 30.7	 52.8	 -	 1.9	 2.0	 102.5 +2.5
	
A '	 125	 12.3
	
56.1	 23.6	 2.8	 -	 -	 -	 -	 94.8 -5.2
	
1	
126	 40.3
	
36.1	 22.2	 -	 -	 1.8	 100.4 +o.4
I._1`
o t ^}	 2-16
rj Open. Closed
Sample Agric Agric F'o?;est Wetlands Urban Water Other Clouds	 Total Error
r No.	 (02-01-02) (02-01-02) (o4) (06) (01) (05)
t^
127 28. 6 27.9 3719 -- - - 5. 8 -	 100.2 +0.2 y
1
128 21. 0 54.8 26.2 - - 1. 5 1.5 -	 105 ..0 +5.0
129 10.7 43.2 32.3 - - 9.7 5.1 -	 101.0 +1.0
t i 1 130 26.6 6o.9 5.8 - - - 3.5 -	 96.8 -3.2
Y
131 44.7 40.7 12.9 _ - - 2.8 -	 101.1 +1.1
132 17.0 14.9 23.6 41.2 - 3.4 0.7 100.8 .+0.8,
133 58.0 29.5 1. 0 - - - 2.4 -	 90.9 -9.1
`f
134 29.0 16.3 0.7 9.1 37.3 - 0.3 -	 92.7 -7.3
135 44.5 4o. 9 lo.6 - - - - -	 96.o -4.o
136 15.9 42. 3 14.2 30. 7 - - - -	 103.1 +3.1 _
x 137 56.2 28.1 13.9 -
- -
0.5, -	 08. 7 -1.3
5
x
138 26.4 30.5 25.5 18.2 - - 1.3 -	 101.9 +1.9 4	 j
139 42.5 64.6 - - - - 1.0 -	 108.1 +8.1 r
c
14o 38.7 38.7 15.0 3.1 - - - -	 95.5 -4.5
141 28.9 28.5 32.3 6.2 - - 1.6 -'	 97.5 -2.5
142 58.5 38.5 1.0 - - - - -	 98.0 -2.0
X43 23.8 43. 5 10.1 13. y - - - -	 90.9 -9.1
is 11+4 53.4 37.3 13.2 - - - - -	 103.9 ' +3.9 ^	 1
M^ 145 15.8 25.6 1.7 1 .1 - - 0.8 -	 99.7 B50.3
' 146 53.9 39.8 - - - 1.7 1.8 -	 97.2 -2.8
:
14 147 .30.8 47.9 5.2 - 2.8 - 3.3
-	
90.0 -10.0
p. 148 30.0 57.3 2.2 - - - 2.5 -	 92.0 -8.0 a
149 23.4 17.1 -	 - - - - -	 100.0
859.5
_
ILI
2-17
,.
L	 ^
i
I
I ,
Acres' per Land Use Category
of Randomly Selected Sections for
Manitowoc River Watershed
"..^' Sample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside v
No. Open Closed	 (04)	 (06)	 (01) (95) Watershed; ..„
(02-01-02) (02-01-01)
1 295 326	 12	 --	 -- -- 7 0	 0.
2 85 53	 to	 --'	 -- -- -- --	 492
-
^ 3 221 231	 18	 164	 -- -- -6 --	 -- s
4 259 288	 44	 29 2
5 -	 311 293	 --	 --	 -- 16 29 --	 --
•
6 373 224	 11	 --	 -- -- 32 --	 --
7 215 287	 116 22 --	 -- G
8 236 230	 126-	 18	 -- 30
_ 4	 1
9 209 337
	
83	 --	 -- -- --	 --
10 118 340	 93	 36	 -- 37 16
1'
11 -	 607	 33	 -- -- -- --	 --
i
12 --
_	
16	 --	 --	 -- -- -- --	 624
n
13 187 237	 192	 --	 -- -- 24 --	
-
` 14 263 295	 50	 --	 -- -- 32 --	 --
a
15 238 310	 82	 --	 -- -- 10 --	 --
16 177 122;	 132	 --	 -- -- 4 205	 -- r	 t
!
r
1'^
17 ill 84	 20	 --	 -- -- -- --	 425ii
I	 e
18 194 122	 324	 --	 -- -- -- --	 --
u
5
.. 1 248 8'	 942 9
	
--	 --
-- -- --	
--
a
20 247 329,	 34	 --	 -- -- 3Q: --	 --
21 261 172	 174	 --	 - 28 ,
r^
;:.
2-18
`
Sample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area. Outside
No. Open Closed (04) (06) (01) (05) Watershed
(02-01-02) (02-01-01)i
22 120 1105 83 32 - -- --	 --	 -- '
23 164 i94 275 -- -- -- 7	 --	 --
f
24 244 227 61 73 -- -- 35	 --	 -- n
^5 215 187 225 -- -- -- 13	 --	 --
' 26 150 97 18 375
27 256 311 41 32~
28 36 98 478 -- -- 28	 --
4
`
29 275 167 197 -- -- -- 1	 --	 --
r
30 310 201 129 -- -- -- --	 --	 --
31 197 238 179 -- -- 26 --	 --	 --
32 312 255 50 -- --, -- 23	 -
33 364 190 86
34 351 222 24 - -- -- 43 	-	 --
'
#, 35' 214 307 119 -- --
__- --	
-
36 285 174 141 40	 --	 --,.
.
37 257 288 72 -- -- -- 23	 --	 --
x
38 268 251 102 -- -- 12 7
39 242 327 55 -- -- 10 6	 --	 --
40 135 374 22 19 71 -- 19
41 168 310 29 133 -- -- --	 --	 --
42 165 73 -- 162 214 -- 26	 --	 --
43 187 190 27 -- 229 7
44 290 291 18 -- -- -- 41	 --	 --
45 347 218 25 -- -- -- 50	 --	 --
Yk
Sample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside
No. Open Closed (04) (06)	 (01) (05) _Watershed r	 i
y
.(02-01-02) (02-01-02)i
46 318 303 17 --	 -- -- 2	 --	 -- ^„
'	 I
I	 ; 47 277 236 lol --	 - — 26 --	 --	 --
48 . 205 249 149 --	 - -- 37
ll
lF 49 323 268 28 --	 -- -- 21
a
a Y
50 202 332 32 --	 -- -- 74	 --	 -- e
51 242 330 35 --	 -- -- 33	 _-	 --
' i 	 x z 52 194 139 203 99	 -- - — 5	 --	 --
53 360 203 41 33	 -- -- 3	 --	 --
54 29 87 35 -- 20	 --	 469
' J.^j 55 132 458 37 --	 -- -- 13	 --	 --
56 170 427 32 '-	 -- -- 11 	 --	 --j
57 259 215 49 18	 -- 82 17
r. 58 263 252 124 --	 -- -- 1	 --	 --
5
59 260 349 24 --	 -- -- 7<	 --	 --
k
1	 ;
I 60 245 230 122 --	 -_ - 4 3
c
F
61 295 248 90 --	 -- -- 7	 --	 --
i
tj
62, 364. 267 6 __	 -- -- 3'	 --	 -- f	 +
63 223 269 60 48	 -- -- 40
^
j^
E
64 68 69 430 54	 -- -- 19
65
315 321 -- --	 -- 4
--l
f 66 223 294 59 --	 -- 53
}
6 7 144 423` 55 --	 -- -- 18	 --	 -- xr"
68 300 299 11 __	 __ -- 30
F
ei d
Sample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside
' No. Open Closed (04) (06) (01) (05) Watershed
(02-01-02) (02-01-02)
69 3o4 271 48 —.- _ 7
70 329 279
all-
1
a 71 220 265 145 -- -- - 10	 --	 -
'
72 239 284 97 -- -- 20. --	 --	 --
73 242 288 4o -- 50 20
74
337 295 -- -- -- —•- 8	 --	 --
i
d
:,
75 291 287 48 -- -- -- 14	 --	 --
76 33^ 266 -- 22 -- -- 18	 --	 --
st 77 356 249 -- -- -- -- 35	 --	 --
78 302 289 13 6 -- -- 30	 —_	 --
.^, 79 107 82 34 417 -- -- --	 __
80 255 190 126 -- -- 57 12	 --	 --
f
81 239 80 41 13 141 72 54	 --
} 82 187 4oi 38 -- -- -- 14	 --	 --
83 193 379 51 17_
84 179 420 to -- -- -- 31	 --	 -- fi
85 322 285 10 -- -- -- 23	 --	 -- ar ^
86 289 293 52 -- -- -- 6	 --	 --
87 226 365 -- -- -- -- 49	 --	 --
I 88 202 143 -- 174 -- 121 --	 --	 -- =
89 -- -- -- -- 619 21 --
i
90 192 379 7 -- 46 -- 16	 --	 --'
3
2-21
+t
+
i
j
Sample Agriculture Agriculture forest Wetland Urban. Water Other Clouds Area OutsideVY No. Open Closed (04) (06) (01) (05) Watershed
(02-01-02) (02-01-02)
91 175 203 55 159 -- 39 9
f
92 24 28 209 306 -- 73
93 249 105 113 117 - 51 5	 -- r
r
F
. 9 4 263 277 -- -- __ 59 41	 --	 _-
95 178 274 1^6 -- 11 -- 31	 --	 --
4
96 103 317 216 -- - _ _- 4	 --	 --
97 158 262 191 - - - 29	 -	 --
98 283 153 174 -- -- -- 30	 --	
--
r
99 220 121 232 67 -- -- --	 --	 --
^
I	 ;
100 230 103 284 -- -- -- 23	 --	 --
i
101 5 45 410 180 r
102 194 268 95 -- 47 36
103 113 242 74 40 -- _- 21	 --	
150
µ { 104 153 236 192 59
5 105 30 6 179 8 9 - -- 38 28	 --	 --
i' lo6 253 223 68 -- -- 59 37	 -	 --
r 107 231 -370 22 -- -- 17
^I t	 /
108 231 367 35 __
r	
4
K
109 280. 262 63 - -- -- 35	 -	 --
110 139 202 173 _ - 75 51	 --	 --
111 97 81 198 219 -- 45 --	 --	 --
112 26o 307 70 -- - -- 3	 --
113 92 40 490 18
111 
_	 2-22
vJ
Semple Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside
No. Open Closed (04) (06)	 (01) (05) Watershed
x
(02-01-02) (02-01-02) k
114 113 395 121 11 	-- -- --	 ---	 --
s 3.15 228 236 86 47	 -- 36 7	 --	 -- .
116 318 322
t 117 181 86 373 --	 -- -- --	 --	 --
118 274 320 20 --	 -- --' 26	 --	 --'
119 156 205 244 --	 -- -- 35	 -	 -- r
120 44 29 562 --	 -- -- 5	 --	 --
^. 121 . 154 95 390 1
122 loo 199 337 --	 -- -- --	 --	 --
r
123 104 232 204 --	 50 21 29
124 9 4 191 317 --	 -- 5 33	 -- .	 -- ,
z
125 83 379 16o 18	 -- -- --	 --	 --
126 257 230 141
127 182 178 242 --	 -- -- 38	 --	 --I	 ..
j 128 128 333 159 --	 -- 9 11	 --	 --
129 60 274 205 ---	 - 61 40	 --	 -- a
3
1A,
130 176 402 38 24 1
. 131 283 254 82
--	
--- --
-
21	 --	 -
132 108 95 150 262	 -- 22 3	 --	 --
133 405 206 7 __	 -- -- 22	 --	 --
i I 134 200 112 5 63	 256 -- 4	 --	 —
135 298 272 70 --	 -- -- --	 --	 --
136 98 263 88 191	 -- -- --	 --	 —_
2-23
Sample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area 014side
No.	 Open Closed (04) {06)	 (a) (05) Watershed
(02-01-02) (02-01-02)
137
	
364 182 90 --	 - - 4 --	 --
138	 .166 191 16o 114	 -- -- 9 --	 __
E
auk
139
	
250 380
140	 259 259 101 21	 -- -- -- --	 --
141	 1,89 187 212 41	 -- -- 11 --	 -
142	 382 252 6
x
143
	
167 307 73. 95	 -- -- -- -
144	 329 230 81 - -- --	 --
145	 101 164 11 7'	 -- -- 6 --	 351
146	 355 262 --	 -- 11 12 --	 --
147
	
217; 337 36 --	 20 -- 30 --	 --
L
148	 207 396 15 `	 -
i t
149	 150 109 -- --	 -- -- -- --	 381 1
W
e
Total	 31977 35476 15565 3541	 1754 1292 2251 237	 3267
4	
'= Percentage 35 39 17 4	 2 1 2 0
of total
watershed  f
fJ (92093 acres)
i
t
I
2-24
II
i
I
i
•
a
Planimetric Densitometer Readings
of Randomly Selected Sections for r;
Oconoto River Watershed i„
Oconto, Wisconsin
i	 {
I^ ._ en Closed rb
Sample	 Agrc Agric Forest	 Wetlands	 Urban	 Water Other Clouds	 Total Error
h
.^ No. (02-01-02) (02-01-02) (o4) {06)	 (01) (05)
A 1-7 NO IMAGERY
85.3 3.8	 - 0.1 6.5 -	 95.7 -4.3
x 9 NO IMAGERY
! 10 - - 95.7 3.9 0.3 - _	 99.9 -0.1
11 7.5 41.o 44.2 2.9	 - - 1.2 -	 96.8 3.2
0.5 84.6 9.3
	
- -
3.8 -	 98.2 -1.8
4
13 3.3 - 84.2 7.3	 - 2.6 - -	 97.4 -2.6
14 - - 91.8 o.6	 - 4.8 1.6 -	 98.8 -1.2
I 15 - - 75.7 26.9	 - - - -	 102.6 +2.6 R
n
16 - - 83.1 11.2	 - - 3.7 -	 98.0 2.0 ,
17 - - 95.2 -	 - - - -	 95.2 -4.8
18 - - 94.0 2.0 96.o -4.o
F
19 97.8 97.8 -2. 2
20 - - 95.1 3. 3 	- - 0.8 -	 99.2 -0.8
•	 1 21 97.0 -	 - - 4.6 -	 101:6 +1.6
22 - - 85.9 17.2	 - - 2.9 -	 106.0 +6.0
23 - 9.3 87.7 5.0	 - - 3.5 -	 105.5 +5.5
! 24 - 1.9 87.4 1.7	 - 5.6 8.4 -	 105.0 +5 .-0
25 - 18.6 78.8 4.4	 - 3.2 3.0 -	 108.0 +8.0
26 - 4.7 70.5 -	 - 9.3 11.3 -	 95.8 -4.2
j
1 2-25
uOpen Closed
Sample	 Agric Agric Forest Wetlands	 Urban Water Other Clouds
	 Total Error
No.	 (02-01-02) (02-01-02) (o4) (o6)	 (01) (05)
+0.827	 - - 57.9 17.1	
-
12.0 13.2 -	 100.8
28	 10.4 28.8 13.0 4.9	 22.8 15.4 9.9 -	 105.2 +5.2
29	 - 23.3 73.5 1.1	 - 3.0 5.9 -	 106.7 +6.7
iu30 - 78,2 6.6	 - 10.3 10.0 -	 105.1 +5.1
B27.4
31	 - 0.8 76.0 - - - -	 lo4.2 +4.2
a
32	 - - 98.4 -	 - 0.1 - -	 98.5 -1.5
33	 - 30.7 48.4 -	 - 12.5 15.2 -	 106.8 +6.$
34	 - 6.6 83.1 3.5
	 - 5.3 10.1 -	 108.6 +8.6}
I 35	 - 0.5 62.4 -	 - 23.1 16.2 -	 102.2
r
+2.2
36	 = - 94.5 3.6	 = '0.2 - -	 98.3 -1.7
y, i w
37	 - - 83.1 0.7	 - 12.1 - -	 95.9 -4.1
1. 38	 - 7.3 $4.1 6.7	 - 2.-4 0.1 -	 loG.6 +G.6
39	 - 6.7 59.0 1.4	 10.0 12.2 16.0 -	 105.3 +5.3
	
4
4o	 - 6.5 74.5 -	 - 5.9 7.1 -	 94o -6.o
41	 - - 86.5 5.2	 - 1.9 5.8 -	 99. -o.6
42	 - 21.3 64.1 1.1	 - - 7.8 -	 4.39 -5.7	 I
43	 - 0.3 88.1 2.9	 - 0.5 9.6 -	 101.4 +1.4
44	 - - 77.3 6.5	 - 9.2 7.6 -	 loo.6 +o.6	 1
l 45	
- - 41.4 2.2	 - 45.7 10.7 -	 100.0 -
( 46	 - 0.7 41.1 4.7	 - 36.2 12.8 -	 95.5 -4.5
47	 - 2.1 97.3 - 0.8 - -	 10062 +0.2
-_L
#( 2-26
tA
i
Open Closed
Sample	 Agric Agric Forest Wetlands Urban Water Other Clouds	 Total Error
No. (02-01-02) (02-01-02) (04) (06)	 (01) (05)
48 - 1.0 89.7 - 1.0 8.2 -	 99.9 -0.1
I
49 - 7.7 78.1 o.6	 - 7.6 6.3 -	 100.3 +0,3	 r
50 _ - 82.1 2.5 	 - 12.3 7.0 -	 10329- +3.9
(
t, 51 - - 82.0 2.1	 _ 15.2 o.6 -	 99.9 -0.1
52 - 5.1 87-,0 -	 - 8.3 5.9 -	 lo6.3 +6.3
53 - - 96.4 0,1 - 8.2 -	 104.7 +4.7
54 _ 4.5 80.3 3.5	 - 6.1 11.9 -	 106.3 +6,3
55 _ _ 95.4 3.5	 - - - -	 98,9 1.1
56 - 0.5 87.8 1.6	 - 6.8 6.5 -	 103.2 +3.2
, 57 _ _8.9 78.7 4.9	 - 4.1 5.2, -	 lo1,8 +1.8
58 - 6.6 83.9 1.6	 - - 12.1 -	 104.2 +4.2
59 8.9 25.3 58.0 - 4.3 10.3 -	 106.8• +6,8
M.
60 _ _ 97.5 _	 _ _ 2.9 -	 loo.4
4
+o.4
a , 61 - 14.o- 82.2 11..4	 - - 0.8 -	 lo8.4 +8.4
I 62 13.2 - 65.9 9.5	 - - 6.5 -	 95.1 -4.9
3
63 2.7 1.9 - 74.3	 - 13.2 6.2 -	 98.3 -1,7 	 a
64 - 1.2 91.5 3.1	 - 4.4 6.2 -	 106.4 +6.4	 j
i if
65 - 26.1 61.o -	 - 8.9 12.9 -	 108.9 +8.9
-
66 0.3 13.4 81.2 -	 - 2.4 8.2 -	 105.5 +5.5
r
I 67 - 95.5 4,1	 - 0.7 - -	 loci. 3
,
+0.3
I
68 - - 96.3 0.7	 - - 4.6 -	 lol.6 -1.6	 a
i
69 5.8 3.4 50.1 24:7	 - 5.3 lo.4 -	 99.7 -0.3
2-27
NOpen Closed
Sample	 Agric Agric Forest Wetlands	 Urban Water Other Clouds	 Total Error
No. (02-01-02) (02-01-02) (04) (06)	 (Ol) (05)
48 - 1.0 89.7 -	 - 1. .o 8.2 -	 999 -c.s
49 7.7 78.1 o.6	 - 7.6 6.3 -	 100.3 +0-3 .^.
Sp- - - 82.1 2. 5 	- 12.3 7.0 -	 103.9 +3.9 k
51
-
82.0 2.1	 - 15.2 0.6 -	 99.9 -0.1
^
w, ..
52 5.1 87.0 -	 - 8.3 5.9 -	 lo6.3 +6.3
a
G .
53 - - 96.4 0.1	 - 8.2 -	 lo4.7 +4.7a
54
_ 4.5 80.3 3.5	 - 6.1 11.9 -	 106.3 +6.3e
55 - - 95.4 3.5	 - _ - -	 98.9 -1.1 L
;
56 - 0.5 87.8 1.6	 - 6.8 6.5 -	 103.2 +3.2
r
57 8.9 78.7 4.9 4.1 5.2 -	 101.8
r
+1.;
^; 58
-
6.6 83.9 1.6	 - - 12.1 -	 104.2 +4.2
r
F
59 8.9 25.3 58.o -	 - 4.3 10.3 -	 io6.8 +6.8
60 _ _ 57.5 _	 _ 2.9 _	 loo.4 +o.L
61 - 14.o 82.2 11.4	 - - 0.8 -	 108.4 +8.,
62 13.2 - 65.9 9.5	 - - 6.5 -	 95.1 -4.9
63 2.7 1.9 - 74..3	 - 13.2 6.2 -.3 -1.7
64 - 1.2 91.5 3:1	 - 4.4 6.2 -	 106.4 +6 .4
1 65 - 26.1 61.0 - 8,9 12.9 -	 108.9 +8.9 s
66 0.3 13.4 81.2 -	 - 2.4 8.2 -	 105.5 +5.5
67 - - 95.5 4.1	 - 0.7 - -	 100.3 +e. 3 N
^
68 - 96.3 0.7	 - - 4.6 -	 1o1.6 1.6
a
69 5.8 3. 4 50.1 24.7- 5.3 10.4 -	 99.7 -0.3
iy
^l,
by
;
!^
2-28
,e
,a
i
f; ! Open. Closed
x
;Sample Agric Agric Forest Wetlands	 Urban Water Other Clouds	 Total Error F
No. (02-01-02) (02-01-02) (04) (06)	 (01) (05)
^ Y
B
7o 6.1 10.5 45.0 lo.6	 - - 1.3 -	 100.0 -26.5
71 - 24.9 41.6 23.1	 - - 0. 5 -	 90.1 -9.9
,p
72 4.6 94.1 2.6	 - - 0.5 -	 101.2 +1.8
I
73 - - 85.0 11.0	 - 2.7 7.0 -	 105.7 +5.7
74 - 12.5 81. 4 -	 _ 3.3 11.3 -	 108.5 +8.5 7
75
-
87,1 4.5	 - 2.4 9.5 -	 103.5 +3.5
i
76 - 21.3 .44.1 26. 2
	- -
14. 6 -	 106.2 +6. 2
4
if
77
- 29.7 27.6 23.9	 - - ,13.6 -	 94.8 -5.2
{
`. 78 _ 2.5 21.2 50.2 19.1	 - - $.1 -	 101.1 +1.1
79 3.8-, 13.3 83.0 -	 - - 6.o -	 1o6.1 +6.1K
i
80 1.1 - 98.2 -	 - 2.7 1.9 -
	
103.9 +3.9
81 4.0 38.3 50.2 -	 - - 13.4 -	 105.9 +5.9 '.
82 - 6.8 89.9 -	 - - 8.o -	 1o4.7 +4.7
!
1` 83 6.4 - 64.2 18.3	 - - 8.8 -	 97.7 -2.3
-[ 4 84 3.3 75.9 - 13.1	 - - - -	 92.3 -7.7
•f 85 - 13.7 29.6 48.1	 - 0.7 6.9 -	 99•0 -1. 0
- 86 - - 11.2 90.1	 - _2.5 - -	 103.8- +3.$
{ = 87 12.1 7.8 80.4 -	 - - 2.1 -	 102.4 +2.4 }i
k
88 13.9 82.3 - 1.1	 - 1.6 6.9 -	 105.8 +5.8
89 1.0 - 36.3 61. 8 	- 2.1 - 101.2 ' +1.2
90 2.2 2.7 57.1 10.1	 - 16.0 9.0 _	 97 .1 -2.9 x
2-29
fOpen Closed
Sample	 Agric Agr c Forest Wetlands	 Urban Water Other Clouds	 Total. Error
No. (02-01-02) (02-01-02) (04) (06)	 (01) (05)
91 95 .0 4.4	 - - - -	 99.4 -a.6
92 35.1 - 45.7 21.8	 - - 6.4 -	 109.0 +9.0-
€ 93 3.3 0.7 92.9 4.4	 - - - -	 101.3. +1.3
r
>I, 94 - 7.7 30.7 57.2	 - 0.8 5.1 -	 101. 5 +1.5
95 - - 95.1, 7.9	 - - - 1.1 -	 zo4.1 +4.1
w jj
96 0.4 - 95.8 2.2	 - - 3.8 -	 102.2 +2.2
97 - 8.7 83.0 -	 - 4. o 8.2 -	 103.9 +3.9
98 - 21.6 21.2 43.6	 - 0.7 7.1 -	 94.2 --5.8^ s
z	 $
99 3.6 - 31.4 58.2	 - - 1.9, -	 95.1 -4.9
loo 0.8 6.9 46.1 43.2	 - _ 3.3 -	 100.3 +0.3
» 101 0.4 10.2 81.3	 - - - -	 91.9 -8.1
w
102 - - 79.8 21.3	 - 3.6 - -	 104.7 +4.7
103 - - 88.5 0.8	 - 7.6 lo.9 -	 107.8 +7.8
104 - 2.0 44.2 59.2	 - - 1.0 -	 106.4 +6.4
105 - 11.0 - 86.4	 - - - -	 97.4 -2.6
106 7.2 - 90.6 0.4	 - - 5.6 -	 103.8 +3.8
107
- - 93.0 4.7	 - 1.3 1.3 -	 100.3 +0.3
108 - 4.1 91.6 2.9	 - - 3.9 -	 102.5 +2.5
log - - 51. 6 -	 - 48.2 5.2 -	 105.0 +5.0
110 - - 97.9 -	 - o.4 - -	 98.3' -1,7
i
`{ 111 - - 90.0 10.9	 - - - -	 100.9 +0.9
2
-30
r:
^,
t
4
z
a^
Open Closed
Sample Agric Agric Forest Wetlands	 Urban Water Other Clouds	 Total Error
No. (02-01-02) (02-01-02)' (011) (06)
	
(01) (05)
x
112 _
- 92.5 4,8	 - 1.9 - -	 99.2 -0.8
113 2.5 - 71.2 26.1	 - - 3.7 -	 103.5, .+3.5'
I 114 1.9 25.1 _` 74.3 -	 - - - -	 101.3 +1.3
s
115 19.6 25.1 56.1 7.1	 - - 1.7 -	 log.6 +9.6'
1 r 116 3.0 31.2 60.4 6.5	 - 0.1 3.0 -	 101.2 +1.2
117
- 5.7 6o.o 38.9	 - - - -	 lo4.6 +4.6
118 - 18.2 43.0 38.6	 - - 3.6 10 .4-	 3 +3.4
leg
- - 95.2 -	 - 3.6 - -	 98.8 -1.2
120 0.5 - 98.6 -	 - - - -	 99.1 -0.9
121 - 21.0 72.6
-	
_ 2.5 5.9 -	 102.0 +2.0
R t. 122 27.6 18.9 46.2 -	 - - 12.2 -	 1o4.9 +4.9
123 - 45.8 45.2 28	 - 1. 9 4.o -	 99.7 -0.3
124 - 2.9 70.0 22.2	 - - 5.8 -	 100.9 +0.9
125A
-
6.8 82.0 2.8	 - o.4 1.9 -	 93.9 -6.1
125E
-
27.8 58.1 10.9	 - - 0.9 -	 97.7 -2.3
126
- 0.3 97.3 -	 - 1.4 - -	 99.0 -1.0
127 5.1 2. 9 84.5 3.0	 - 3.0 5.9 -	 104.4
s
+4.4
128 - 56.5 25.8 5.6	 - - 4.2 -	 92.1 -7.9
f
1 129 - 25.7 62.0 6.2	 - - - -	 93.9 -6.1
130 6.5 45.6 27.5 -	 - 12.2 - -	 91.8 -8.2
° 131 - - 94.8 4.1	 - - 0.8 -	 99.7 -0.3
-	 2-:31 -
Li
Open Closed
Sample	 Ag.ric Agric Forest Wetlands	 Urban Water Other Clouds	 Total Error
r No.. (02-01-02) (02-01-02) (04) (06) (01) (05)
132 - - 95.0 2.2 - 0.8 4.3 -	 102.3 +2.3	 :.
133 - 9.3 84.0 - - 3.4 7.8 104.5. +4.5
134 11.7 31.2 46.4 - - 1.7 5.6 -	 96.6 -3-h
135 4.2 54..3 39• 3.4 - 4.8 - -	 106. 1 +6.=
y
j
136 lo.0 33.0 36.4 8.4' - 2.6 - -	 90.4
,.
-9,6	
'a
t	 .
137 16.6 - - 79.1 - 0.9 6.5 -	 103.1 +3.1
138 1.9 16.4 54.1 22.3 - 3.9 - -	 98.6 -1. 4
r
139 - 1.0	 _ 57.8 12.0 - 4.4 3.5; -	 96.7 3 .3
i
(. 14o - 14.8 41.5 - - 19.8 5.5 -	 100.0 E18.4
h r
141 3.9 _ 89 . ^+ 6.9 - - 3.2 -	 103.4
+.	
43.	 .
6.
is.
142 - 6.5 72.8 13.5_ - 11.3 -- -	 104.1 +4.1
x 143 5.8 14.7' 79.3 - - 0.7; 3.7 -	 lo4.2 +4.2
144 16.8 42.7 31.8 - - 6.6 - -	 97.9
^
-2.1
/2.6145 19.6 61.3 16.4 - - 4.7 -	 lo4 6 +446t
146 19.5 5.9 62.3 8.0' - 5.9 3.1 -	 lo4.7 +4,7
147 26.7 49.6 13.5 5.4 5„7 -	 loo.9 +0.9
;
148 12.1 27.0 52.0 - X5.8 - -	 97•B -2.2
149 11.4 41.6 6 ,o 24. 1 - 5.5 5.7 -	 94.3 -5.7
1 0
5
- - 92.5 5.9 - / 2.4 - -	 100.8 +0. 3
151 22.1 27.3 34.2 6.4' ,- - 6.4 -	 96.4 -3.6i
-152 28.9 15.8 8.8 51 .3 - - 1o4.8 +4.8
K
u
^,
2_32
19
kr
k
Open Closed
Sample	 Agric Agric Forest Wetlands	 Urban Water Other Clouds Total Error
u
Y No. (02-01-02) (02-01-02) (04) (06)	 (01) (05) .>
153 20.3 49.4 23.8 -	 3.2 o.6 7.1 _ 104.4 +4.4
Lr 154 20.4 36.4 8.9 29.4	 - - 5.7 - 100.8 +0.8
155 12.5 28.8 43.7 20.4	 - - 1.5 - 1o6.9 +6.9
Y
156 16.4 39.7 38.0 6.1 100.2 +0.2
157 21.1 51.7 11.9 13.8	 - - - - 98.5 ' -1.5
,
158 35.3 47,3 1o.6 -	 - - 3.2 - 96.4 -3.6
I 159 8.2 8.4 - 81.2	 - - - 97.2 -2.8
160 12.2 39.2 - 49.7	 - - - - 101.1 +1.1
161
-
17. 0 - 16.5	 - - 2.5 65.5 101.5 1.5
T 1.62 17.0 17.3 - ig.6	 - - 1.9 54,o 109.8 +9.8{
A	
- i -
163 29.6 19.3 - 50.0 5.5 104.4 +4.4
164 30.6 5.9 55.3 -	 - - - - 91.8 -8.2
165 26.o 41.1 35.2 -	 - 1.4 - - 103.7 +3.7
166 27.7 22.5 53.0 _	 = - - - 103.2 +3.2
a
167 22.6 29.4 44.2 -	 - 5.4 6.4 - 108.0 +8.0
a 168 58.6 41.3 - 3.9	 - - - - 103.8 +3.8
1 169 26.5 17.2 - -	 - 2.5 - 63.1 109.3 +9.3
170 17.6 48.7 30.6 -	 - - 1.6 - 98,-5 -1.5
171 23.8 3.6 - 4o.3	
- - -
34.5 102.2 +2.2 
172 - 3.4 69.1 36.3	 _ - - - 108.8 +8.8 1
i
A
173 - - 56.9 52.5	 - - - - lo9.4 +9.4
t
^^_	 F
1
r
_
2-33
r t
r
f
j Open Closed
Sample	 Agric Agric Forest Wetlands	 Urban Water Other Clouds	 Total Error
No. (02-01-02) (02-01-02) (04) (06)	 (01) (05)
174 28.6 36.9 29.0 2. _ - -	 96.9 -3.1
175 14.8 23.1 56.9 -	 - o.4 - -	 95.2 -4.8
176 14.3 54.7 36.6 -	 - - 0.2 -	 105`.8 +5.8
177 28.7 50.7 12.0 2.9	 - - 4.6 -	 98.9 -1.1
178_ 14.6 33.5 42.8 _	 _ _ 3.2 -	 94.1 -5.9
a 179 22.2 42.0 29.2 -	 - 2.8 4.7 -	 100.9 +0.9
180 25.0 53.4 26.0 -	 - - - -	 104.4 +4.4 x
181 27.0 55.0 14.5 -	 _ - 7.3 -	 103.8 +3.8
..
182 - 35.2 74.3	 - - - -	 109.5 +9.5
183 - - 77.2 22.2	 - 9.6 - -	 109.0 +9.0r ;
,.„ 184 23.8 22.7 31.1 -	 - - - -	 97.6 -2.4 i
185 24.8 25.4 49.9 -	 - - - -	 100.1 +0.1 1
186 8.0 2.7 50.6 21.2	 - 10.8 - -	 93.3 -6.7
187 37.5 32.7 12.3 15.0	 - - 9.8 -	 107.3 +7.3
188 31.5 28.2 14.4 -	 - 5.7 11.0 -	 9o.8 -9.2 ia
189 26.3 52.4 5.4 4.o	 - - 6.8 -	 94.9 -5.1
r
' 190 19.8 39.2 24.1 - - 7.2 -	 90.3 -9.7
191 21.3 43.5 23.4 -	 - - 5.2 -	 93.4 -6.0'
192 - - 94.8 6.3	 - o.3 - -	 101.4 +1.4
193 - - 81.8 24.9	 -
-
_
_	 106.7 +6.7
194 16.1 14.4 58.3 -	 - 10.7 - -	 99.5 -0.5
i 2 -34
rOpen Closed
' Sample	 Agric Agric Forest Wetlands	 Urban Water Other Clouds	 Total Error
No. (02-01-02) (02--01-02) (04) 06)	 (01) (05)
195 4.3 33.9 54.7 -	 - - - -	 102.9 +2.9
196 12.2 57.6 35.0 -	 - - - -	 lo4.8 +4.8
197 3.7 23.2 47.9 21.4	 - 3.2 4.5 -	 103.9 +3.9
198 15.8 39.8 33.8 -	 - 5.6 - -	 95.0 -5.0
199 28.4 56.7 10.3 -	 - 4.5 1.2 -	 101.1 +1.1 z
^.i	 200 31.6 30.5 - 20.5	 - 6.2 2.1 -	 90.9 9.1
201 36.1 43.4 - 13.2	 - 3.3 9.3 -	 105.3 +5.3
202 13.1 47. 5 32.9 -	 - - 0.5 --	 94.0 -6. 0L
_ F	
i
203 - 4.3 55.0En31.2	 - 10.4 - -	 100.9 +0.9 3
204 15.7 23.8 45. 3 11.0	 - 2.2 _ _	 98.0 -2.0
r 205 11.4 31.0 47.6 -	 - 3.5 - -	 93.5 -6.5
206 15.0 28.0 14.4 30.0	 - 3.4 3.0 -	 93. 8', -6.2
207 16.5 20.7 12.7 36.9- - 7.3 -	 94.1 -5.9
Y
x,	 208 12.2 10.1 - 24.9	 - - - - 57.9	 105.1 +5.1'
j; 209 23.2 ; 40.4 - 30.1	 - 5.7 - -	 99.4 -o.6 n'
a 210 - 13.8 - 18.3	 - - - -	 100.0 B67.9 -;
211 - - 86.8 11.8	 - - 6.4 -	 105.0 +5.0
212 - - 28.4 76. 2 104.6 +4.6
'
Y
213 29.6 31.3 31.8 -	 - - - -	 92.7 -7.3
214 ll.o 49.9 - 23.6	 - 2.8 6. 1 -	 93.4 -6.6
215 20.8 28.2 5.3 41.4	 - - - -	 95.7 -4.3
1
r
216 7.0 15.6 - 66.9	 - - 6.4 -'	 95.9 -4.1 j
2-35
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Air
i r
i
1
Open	 Closed
1	
-!	
Sample	 Agric	 Agric	 Forest	 Wetlands	 Urban Water	 Other	 Clouds	 Total Error
No.	 (02-01-02)
	
(02-01-02)
	
(o4)	 (06)	 (01)	 (05,)
E,!.^	 217	 21.2	 13.2	 12.1	 25.6	 -	 5.6	 3.2	 21.5	 102.4	 +2.4
^
218	 24.2	 -	 43.5	 40. 0 	-	 -	 107.7	 +7 .7
: L
219	 15.4	 14.5
	
-	
61.8.	 _	
3.7	
-	
_	 95.4	 _4.6
5	 ((ll,	 220	 19. 0 	 56.6	 17.0	 -	 92.6	 -7.4
221	 23.0	 6o.o	 8,0	 -	 -	 -	 15.5	 -	 lo6.5	 +6.5
F i..	 222	 8.8	 -	 10.4	 83.8	 -	 -	 - 103.0... +3-0
f
r:	
3 22	 -	 -	 -	 3.7	 -	 -	 1.8	 32.5	 100.0 B62.
x	 224	 -	 3.6	 93.0	 -	 -	 -	 -	 96.6	 -3.4
225	 28.1	 47.8	 15.5	 1.8	 6.6,	 99.8	 -0.2
m
f1 226	 18.7	 8.6	 10.8,	 22.4	 12.5	 12.9	 10.8	 -	 96.7	 -3.3
227	 22.6	 35.9	 4.7	 10.3	 12.7	 -	 6.3	 -	 92.5	 -7.5	
r
..}	 228	 2.9	 20.2	 39.3	 25.1	 -	 -	 8.9	 -	 96.4	 -3.6
t,	 229	 22.1	 44.7	
31.8	 -	 -	 -	 1o.8	 -	 lo9.4	 +9.4
1.6	 79. 2230	 6.2	 7.8 -	 8.5	 -	 -	 	 103.3	 +3.3
f' G	231	 56.9	 25.7	 -	 8.9	 -	 -	 7.8	 -	 99.3	 -0.7
232	 9.1	 84.2	 5.9	 -	 -	 99.2	 -0.8
233	 5.6-	 92.1	 -	 -	 -	 97.7	 -2.3
234	 18.6	 26.6	 39.6	 -	 -	 7.7	 -	 92.5	 -7.5
235
	
16.5
	
41.1	 30.4	 -	 -	 2.9	 0.5	 -	 91.4	 -8.6
'	 236	 25.8	 47.4	 -	 20.3	 -	 -	 -	 -	 93.5`	 -6.5
237
	
14.1'	 8.6"	 8.0	 10.3	 46.4	 5.9	 -	 -	 93.3	 -6.7
E
2
-36
I!1
Open Closed
. Sample	 Agric Agric Forest Wetlands	 Urban Water Other Clouds	 Total Error
_No. (02-01-02) (02-01-02) (A) (06)	 (01) (05)
I
-.' 238 - 10. 0 71.9 2.4	 - - 6.6
A
-	 90.9 -9.1
s' 239 20.4 58.2 -	 - 2.6 9.2 -	 90.1+ -9.6
240 40.5 12.8 - 2.9	 - 9.3 - 36.1	 lol.6 +1.6
241 42.6 40.5 - 6.7	 - 2.3 - 2.3	 94.4 -5.6
242 46.9 12.2 - 26.5	 - 7.8 - -	 93.4- -6.6
243 20.0 - - 58.0	 - - - -	 100.0
B22.0
k_
^ 244
5.5 - 7 
6.8-
-	
_
_5	 5 7 .o -	 4. 89 - .25i	
I
245 13.9 46.1
_
_26.4 -	 - 6 .2 2 .7 -	 95.3 -4.7
A 246 21.2 51.1 20.8 -	 - - 1.0 -	 94.1 -5.9
ii
247 9.4 55.6 19.4 -	 - 2.6 11.6 -	 98.6 -1.4
243 20. 62.8 7.2 -	 - - 4.4 94.7 -5.3
249 3.3 - 63.3 -	 - 14.2 9.2 -	 90.0 -10.0
<: s 250 8.6 ^42.d 33.9 _	 _ - 7 , is -	 92.4 -7.6
j	 F
251 22.8 52.5 15.5 -	 - 1.6 o.6 -	 93.0 -7.0
Yj	 t4
252 10.0 37.3 >+0.4 -	 - - 5.5 - 94.1 -5. 0 ri
t
{
I
r
.1
2
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r
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b^
i
Ld
j4 Acres per Land Use Category
of Randomly Selected Sections for
Oconto River Watershed
Oconto, Wisconsin
Sample Agriculture Agriculture Forest. Wetland Urban Water Other Clouds Area Outside
No. Open Closed	 (04)	 (06)	 (01)	 (05) Watersheddab..
(	 5) (02-01i
^. - ;
1
I: 2 -- --	 --	 --	 --	 -- --	 -	 --
3
4 -- --	 --	 --	 --	 -- --	 --
F
6
.
7 -- --	 -	 --	 --	 -- --	 -	 --
8
-- --	 570	 26	 --	 -- 44	 --	 --
9 -- --	 --	 --	 -	 -- --	 -	 --
10 - --	 614	 26	 --	 - --	 --	 --
11 50- 271	 292	 19	 --	 -- 8	 --	 --
12
-- 3	 551	 61	 --	 -- 25	 --	 --
13 22
--	 553	 48	 --	 17 --	 --	 --
14
-- --	 595	 4	 --	 31 10	 --	 --
15
-- --	
472	 168 9
1
16
-- --	 543	 73	 --	 -- 21+	 --	 --
17 -- --	 640	 --	 --	 -- --	 -	 --
18
-- --
	
627
	
1
19 -- --	 640
20 -- --	 614	 21	 --	 -- 5	 --	 --
fly 21
--
--	 611	 =-	 --	 -- 2	 `:?
f,
^t
is
^ Sample . Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside
No. Open Closed (04) (06) 	 (01) (05) Watershed
I	
^
(02-05) (02-01)
I{  1
I	 22 -- -- 517 10+	 - -- 9	 -	 --
t i	 23 -- 57 532 30	 -- -- 21	 --	 --
24 -- 13 531 it	 -- 34 51	 --	 --
;t
4
I ^5 --
110 465 27	 -- 20. 18'	 -	 --
4
26 -- 31 471 --	 -- 62 76	 —	 --
ii
I. 27 -- -- 368 109	 -- 80 83p
28 63 175 79 30	 138 93 62	 --	 --
29 -- 139 439 6	 - 18 3$	 --	 --
r
q}3
.
30 475 4o	 -- 63 62t
i
;
31
__ 5` 467 168
32 -- -- 639 --
4	 33 -- 184 289 --	 -- 73 94	 --	 --
-	 ^	
of .^:
34 -- 4o
-
487 _—21 32 60
35
- - 3
3 91 --	 -- 145 101	 --	 -- ^
36 -- -- 615 24	 -- 1 --	 --	 --
i
37 -- -- 554 5	 -- 81 -- = i
k{
4	 6LS !l	 38 -- 46 .535 43	 --
,.
	
15 1_	 --	 --
39 -- 41 358; 9	 61 74 97	 --	 --'
4o 45 .5o6 --	 -- 4o 49	 --	 --
pt
t 4'
41 -- -- 557
Ct
34	 =— 12 37	 --	 --
42 -- 145 434 8-- — _ 53 u
r	 4
2 556 18	 =— 3 61
44 -- -- 492 41	 -- 59 48	 --	 --
i;
45
--
--
265 14	 -- 293 68	 --	 --
A
Sample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside
	
No.	 Open	 Closed	 (04)	 (06) ( 01)	 (05)	 Watershed
(02-05)	 (02-01)
I
	
46	 --	 5	 275	 31	 --	 243	 86
	
47	 13	 622	 --	 --	 5	 -	 --	 --	 'r
I^ l
	
48	 6	 575	 --	 --	 6	 53	 -	 --
I
t{ 1 k	 49	 -	 49	 498	 4	 49	 40	 -
50	 5o5
	 15	 76	 44
It 	 1	 __
	 525	 13	 --	 97	 5
 L	
^Se
	52	 --	 31	 5225
	
--	
0	 37
	
53	 --	 --	 588	 1	 --	 --	 51	 --
,	 ..	
4
	
4	 27	 481	 ^1	 36	 71__	 ^	
_
618 `	 22
	
55,
	
_-	 --	 -	
--
G.
	
56	 --	 3	 544	 to	 --	 42	 41	 --	 --
	
57	 -	 56	 495	 31	 --	 26 	 32
	58	 --	 40	 515	 10	 --	 --	 75	 --	 -
	
59	 53	 151	 346	 -	 -	 26	 64	 --
r
I	 6o	 --	 621	 --	 --	 19	 --	 -
	
61	 --	 82	 482	 72	 --	 4
	
62	 88	 --	 442	 64	 --	 --	 46	 --	 --
r' l 	 63	 17	 13	 --	 484	 --	 86	 4o'	 -
	64	 --	 7	 548	 18	 --	 26	 41	 --	 -
	
65	 -	 152	 356_	 --	 --	 52	 8o
f
i
{	 66	 2	 81	 491	 --	 --	 15	 51	 -
	
67	
--	 --	
6o9	 26	 --	 5	 -	 --	 --`
	
68	 --	 -	 607	 4	 --	 -	 29
_	 2-4o
iSample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Ares Ou 	 d
No. Open Closed (04) (06)	 (01) (05) Watershed
(02-05) (02-01)
C
69 37 22 319 1.57	 -- 34 71	 --	 --i
i 70 39 67 288 68	 -- -- 8	 --	 170j
71 -- 175 292 162	 -- -- 11
1 72 ^9 591 17	
-_ __ 3
I 73 -- -- 512 66	 -- 16 46	 --	 --
74
-- 73 477 --	 -- 19 71
75 -- -- 538 28	 -- 15 59
76
_- 128 265 157	 -- - 09	 --	 --
77 -- 200 186 161 93
78 16 134 317 121	 -- -- 52	 --	 --Y
.: 79 23 80 498 --	 -- -- 39	 --	 --
80 7 -- 601+ --	 -- 17 12	 --	 --
Y 81 25 231 302 --	 -- •-- 82	 --	 --
82
--
42 548 --	 -- -- 50
83 42 -- 1+20 .120	 -- -- 58	 --	 --
84
25
x`524
-- 91	 -- -- --	 --	 --
85 -- 89 191 311	
-- 5 44	 --	 --
86 -- -- 69 556	 -- 15
87 76 49 502 --	 -- -- 2	 ---	 --3
88 84 496 -- 7 10 43	 --	 --	 x
89 6 -- 230 392	 -- 12 --	 --	
-'-
f
90 15 18 376 65	 -- 105 61	 --	 --
^' 2_!4l
_ 	
_ t .	 z	 1 ^ I I I ^ ^
I
n t#
Sample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside
No. Open C1ospa (04) (06)	 (Ol) (05) Watershed
h.
I:,
(02-05) (02- 01)
Sri
yl -- - 612 28	 -- -- --	 --	 --
92 2o4 -- 266 127	 -- -- 113	 --	 --
..,:F
u. 93 21 4 587 28	 -- -- --	 --	 --
I 94 -- 49 194 361	 -- 5 31	 --	 -- 
584 49	 -- -- 7
96 3 -- 60o 14	 -- -- 23	 --	 -
97 -- 54 511 --	 -- 25 50
98
__ 146 144 295	 -- 5 50
i,
99 24 -- 211 391	 --. - 14	
-
I 100 5 44 294 276	 -- -- 21	 --	 --	
H
1 101 3 -- 72 565	 -- --
.
--	 --	 --
lag -- -- 488 130	 -- 22
a
-	 --
	 --
i
103 -- -- 522 5	 -- 45 68 r
io4 -- 12 265 355 _
Y
105 -- 73 -- 567	 -- --
S
--	
--	 --
106 44 -- 558 3	 -- -- 35	 --	 -
1 107 -- -- 593 30	 -- 8 9	 --	 --	 ,
f	
^
108 -- 26 572 18 24
109 -- - 314 -	 -- 293 33,--	 --
t 110 -- -- 637 --	 -- 3 --	 --	 - -
I
111 -- -- 571 69	 -- -- --	 --	 --
112 -- 597 31	 -- 12 --	 --	 --	
F
113 15 44o 161	 -- -- 24?v
2_42
__ a .. a. I	 l	 IF
ry
r,
r
j
`r	 dl
s
Sample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside
^-_
No. Open Closed (04) (06)	 (O1) (05) Watershed
It (02-05) (02-01)
[ 11 4 12 159 469 --	 -- -- --	 --	 ---
{
E^
115 113 145 325 41	
-- - -
16
t
y 116 19 197 382 41	 -- 1 --	 --	 --
117 -- 35 367 238	 -- -- --	 --	 --
118 -- 113 266 239	 -- -- 22	 -	 --
^.
K
11 9
_-
--
61 7 --	 -- 23 -	 -	 --
120 3 -- 637 --	 -- -- --	 --	 --
121 __ 132 455 --	 -- 16 37	 -_	 --
122 168 115 281 --	 -- -- 76,	 --	 --
123 -- 294 290 18	 -- 12 26 	--	 --
124 -- 18 444 141	 -- -- 37	 --	 --
^y
t 125A -- 46 55 7 19	 -- 3 15-'	 --
i^ l2 B5 -- 182 380 71	 -- -- 7	 --	 --
x
126 - 2 629 --	 -- 9 --	 --	 --
127 31 18 517, 18	 -- 18 38	 --	 --
f
i 128 -- 390 178 39	 -- -- 33	 --	 --
I	 ";
' 129 175 421 42 2	 --	 --
if
130 45 316 190 --	 -- 85 4	 --	 --
131 -- -- 609 26	 - 5
r
132 -- --' 594 14	 -- 5 27	 --	 -_
Ir
i	 ► 133 -- 57 513 --	 -- 21 49	 --	 --
t 134 77 207 03 7 --	 -- 11 38	
--	
--
u 135 25 327
239 20	 -- 29 --	 --	 --
2-43
±,
fi
Sample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside
No. Open Closed (04) (06) 	 (01) (05) Watershed
(02-05) (02-01)
136 71 233 258 6o	 -- 18 --	 --	 --
l: 137 103 -- -- 491	 -- 6 40r
138 12 107 351 145	 -- 25 --	 --	 --r
.^: 139 -- 126 382 79	 -- 29 24	 --	 --
140 -- 95 266 --	 -- 127 34	 --	 118
141 24 -- 553 43 20a
142
--
4o 447 83	 -- 7 
or 143 36 90 486 --	 — _4 24t
144 110 279 208 --	 -- 43 --	 --	 --
145 120 374 100 --	 -- 29 17	 --	 --IT
146 1l9 36 380 49	 — 36 20	 —	 --
` € 147 169 315 86 34	 -- — 36
148 79 177 346 --	 -- 38i
149 77 282 41 163	 -- 37 40	 --	 --
150 -- -- 587 38	 -- 15 --	 --	 --
.
151 147 Al 227 42	 -- - — 4	 --	 --3
152 176 96 54 314
153 124 302 146 --	 20 4 44	 --	 --
X54 130 231 57 187	 -- -- 35	 --	 -..f1'
155 73 172 261 122	 -'- - 12
p. 156 105 254 243 --	 -- -- 38	 --	 --
^	 t
157 137 336 77 90	 -- -- --	 --	 —
f)7
158 234 314 70 --	 -- -- 22	 --	 --
2-44
rt
P
Sample Agriculture Agriculture Forest Wetland Urban Water Other. Clouds Area Outside
,No. Open Closed (04) (06)	 (01) (05) Watershed
(02-05) (02-01)
159 53 54 -- 533	 -- -- -- --	 --
4 160 77 248 -- 315	 -- -- -- --	 --'.
161 -- 107 log+	 -- -- 16 413	 --
162 98 100 -- 113	 -- -- 17 312	 --
163 181 118 -- 307	 -- -- -- 34	 --
164 212 43 385 --	 -- -- -- --	 --
i 165 16o 254 217' --	 -- 9
166 172 139 329 --	 -- --- -- --	 --
# 167 133 178 261 --	 -- 32 41 --	 --
168 361 255 -- 24	 -- -- -- --	 --
169 154 105 15
--
366
F
170 114 317 199 --	 -- -- 10
'
 --	
--
171 149 23 --
t3'
252	 -- -- -- 216	 --
172 -- 20 406 214
1 73 335 305	 -- -- -- --	 -- ;
174 18 9- 244 191 16	 - _ -- -- --	 --	 t
175 99, 155 383 --	 -- 3 -- --	 --
Y
176 86 330 221 =-	 -- -- 3
8
177 186 328 78 19	 -- -- 29 --	 --
1 78 67 227 2^O --	 -- -- 56 --	 --
yy
179 141 266 185 --	 -- 18- 30 --
180 153 328 159 --	 -- -- -- --	 --
z: 181 166 339 89 -_	 -_ -_ 46 --	 --
y 2-45
jj
Sample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside
o,	 Open
	
Closed	 (04)	 (06) (01)	 (05)	 Watershed
(02-05)
	
(02-01)
	
--
182	 --	 --	 206	 434	 --	 -	 --	 -	 i
183
	
-	 --	
452	 131	 --	 57
184	 156	 149	 335	 --	 --	 --	 -__	 __	 --
185	 159	 -162	 319
190 139 275 169 57	 --	 --
191 145 297 160 --
192 -- __ 598 4o	 --
.193
_ x+89 151	 -- -- --	 --	 --
19 1+ 104 93 374 --	 -- 69 --	 --	 --
195 89 211 340 --	 - -- --	 -_	 --
196 74: 352 211+ --	 -- -- --
'	 197 23 11+3 295 132	 -- 20 27	 --	 --
x_98 lo6 269 22 7 --	 -- 38 --	 --	 --
199 180 359 65 --	 -- 29 7
200 223 215 -- 144	 -- 43 15	 --	 --
201 219: 263 _-' 80	 -- 20 58	 --	
--
202 89 322 223 --	 - -- 6	 --	 --
,203 -- 27 349 198	 -- 66; --	 --	 --
204- 102_ 156 296 72	
-- 14 --	 --	 --
!
r	 2-46
ii
f
r;
Sample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside
1
No. Open Closed (04) (06)	 (01) (05) Watershed
(02-05) (02-01)
x, 205 78 212 326 --	 -- 24 -- -- -
206 102 190 98 204	 -- 23 23 -- -'
F' 207 112 140 86 250	 -- -- 52 -- --
x
208 75 62 -- 152	 -- -- -- 351 --
209 149 255 -- 191	 -- 36 9 -- --
f
f
^	
210 -- 88 -- 117	 -- -- -- -- 435
211 -- -_ 528 72	 -- -- 40 -- --
212 174 466	 --
213 205 216 21
i' 214 75' 340 -- 161	 -- 19 45 -- --
I?	 215 139 X89 35 277d
-216 47 101E -- 445	 — -- 44 -- --
217 132 82 76 160	 -- -	 35 21 134 --
x, 218 -- -- 144. --	 258 238 -- -- --
219 103 97 -- 415	 -- 25 -- -- --
' 4	 220 131 392 117, --	 -- -- -- -- --
}	 ^
r
221 138 359 48 --	 -- -- 95 —= --
F
P
222 54 — 65 521
'E: 223 -- -- 24	 -- -- 11 208 397
224 -- 24 616 --	 -- -- -- -- --
225 180 306 99 --	 -- 12 43' -- --
r 226 124 57 72 148	 83 85 71 --
--
227 156 247 33 71	 88 -- 45 -- --
2-47
i
r
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• Sample Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside
No. Open Closed (04) (06)	 (01)	 (05) Watershed
(02-05) (02-01)
228 19_ 134 26o 166	 --	 -- 61	 --	 --
229 123 259 191 --	 —	 -- 62	 --
8 4 -- 52	 --	 -- 11	 490	 --i	 =' 230.. 3 9
{	 i 231 367 166 -- 58	 -- --. 49	 --	 --
232 59 -- -- --	 543 38 --	 --	 --	 ,
233 36 -- 604 --	 -- -- --	 --	 --
t` 234 128 183 273 --	 --	 _y -- 56	 --	 --
r
235 114 285 211 --	 -- 20 10`	 --	 --
is
236 177 323 -- 140	 -- -- --	 --	 --
237 95: 58 54 69	 324 4o
_
238 -- 70 502 17	 -- -- 51	 --	 --
239 143 4o8 --	 -- 18 71
i, 24o _ 255 81 -- 18	 -- 59 --	 227 l
241 289 275 -- 46	 -- 15 --'	 15	 --
242 323 83 181 53
t
243 128 -- -- 371 —	 141
244 37 -- 517 --	 -- 37 49	 --	 --
i	 r
r	 f 245 93 309 177 _-	 __ 42 19	 --	 --
j
^ 246 143 346 141 --	 -- -- to	 --	 --r
247 61 361 126 17 75	 --
248 137 423 49 --	 -- -- 31	 --	 --
249
23 -- 445 --	 -- loo 72	 --	 --
r, 250 59 294 ` 234 --	 - -- 53
rl' 2-48
^ r
Sample	 Agriculture Agriculture Forest Wetland Urban Water Other Clouds Area Outside
I^( r	 I No.	 Open Closed (04) (06)	 (01) (05) Watershed
(02-05) (02-01)
251	 156 360 l06 --	 -- 11 7	 --	 --
252	 74 253 274 --	 -- -- 39	 --	 --	 ^.
Total	 14465 27660 78763 19386	 1551 4998 6182 	 2766	 1429
Percentage	 9 18 51 12	 1 3 4	 2
of totalf
I watershed
(155371 acres)
i
a
J
i
F
i
yy
i
".
i
yy
4 ,
W
r
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